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INTRODUGTION

Until comparatively recently, the study of thrombo-
angiitis obliterans had occuplied the step-child's seat in the
medical household, However, probably concomitant with & or
symptomatic of - recent developments in diagnosis and therapy,
there has been an up-swing in regard to interest in this branch
of medicine., It seems that interest and progress in this field
is due for a period of further augmentationm and thus furnishes the
reison d! etre of this particular thesis. It is felt that when
the threshold of accelerated development is entered upon, it is
very necessary to have a comprehensive understanding of what has
gone before, With this in mind an sbttempt has been made,not only
to define the present-day status of this study, but further, to
trace the initiation and development of modern ideas from the perhaps
misty days of their inception. There will be seen abortive efforts,
perhaps widely acclaimed at first, but which slowly (or rapidly) sank
to oblivion; some ideas may seem patently absurd. However, they will
be presented, not as targets for ridicule or objects of fatuous
tolerance, but as examples of previous sincere work which failed to
materialize., An attempt will be made to define present status in

the various divisions and evalustion will be essayed, mostly on the




basis of comment in the literature; the auihcr realizes his

youth in point of medical experience and is hardly sufficiently
presumptive to attempt to criticize or evaluate in his own right.
Emphasis will be placed upon the consideration of therapy,not only
because of the obvious pragmatic reason,but also because it

apparently offers the most fertile field for future investigation.




HISTORIGCAL

In modern discussions of thrombo-angiitis obliterans,
brief and quite glib mention is made to the effect that the disease
was correctly and comprehensively described by Buerger in 1908,

No word is given of the intrepid and greatly handicapped %arkers,
who, as much as two hundred years ago, hinted at the first glimmer-
ings of what is now seen as light.

As early as 1738, CQuesnay hinted that peripheral gangrene
might be due to organic occlusion of the arteries. This was re-
iterated almost one hundred years later, ﬁy Hebreard, and by Avis-
ard — 1817 and 1819, respectively. However, these works were
backed by no actual proof and lack of corroboration consigned them
to limbo.

The French continued in their representation of those
prominent in the disease; Dupuytren and Roche were the first to
postulate the basis of arterial inflammation for occlusive arterial
lesions. Raynaud, in 1862, whose famous thesis has received well-
earned recognition ("On &écal Asphyxia and @angrene of the Extremi-
ties") proved the then-startling fact that gangrene can be produced
in arterial affections without the existence of‘arterial occlusion.
This refers, of course, to the disease that now bears his name.

The first report of what is now known as thrombo-angiitis

obliterans is believed to have been presented by Von Winiwarter in




1879. Fourteen years had to elapse before 1893, when another

case was presented; in reporting thkis case, Dutyl and Lamy empha—-
sized the cardinal points of intermitient claudication, absent
pulses, coldness, and gangrene,

In 1898, Wwedensky reported on the incidence of the disease
in those parts of Russia which were subject to very cold weather,

He added to previous observations that cold weather seemed to cause
intensification of the symptomatology. No mention was made of any
agsociation with ergotism.

Until 1908, when Buerger wrote his first paper, the disease
¥as known by a wide variety of nemes, which, if naught else, serves
to illustrate the then-existing confusion. Some of these names
follow: Presenile gangrene, spontaneous gangrene, local asphyxia of
the extremities, acroasphyxia, acrocyanosis, non-syphilitis end-
arteritis of Jews, Russian disease, Jewish disease, Yiddish disease,
Raynaud's disease, scleroderms, Friedlander's disease, gangstockung,
dysbasia angiosclerotica, erythromelaigia,

In 1908, when Buerger, of Mt. Sinai Hospital (New York)
wrote his first paper and gave a detailed consideration of pethology
and symptomatology, he suggested the use of the descriptive name of
"Thrombo-sngiitis Obliterans". This, apparently by virtue of apt
word-summary, has become widely accepted.

Almost twenty years later, Buerger came forth with his latest

great contribution to the knowledge of the disease (1924). In this
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significant volume ("Circulatory Disturbances of the Extremi-
ties", Ssunders and Co., Philadelphia, 1824) he gave not only a
detailed discussion of thrombo-angiitis obliterans, but also
considered at length the other conditions comprising peripheral
vascular disease,

®ith these brief prefative remarks, we now approach the

considsration of the first section.




ETIOLOGY

The etiology of thrombo-angiitis obliterans is, as yet,
essentially unknown. Medical text-books, until comparatively
recently, had disposed summarily of this phase of the subject in
a single sentence: "Thrombo-angiitis obliterans is a disease that
occurs in young Jewish cigarette-smoking males of Fussisn and
Pelish origin." In the following, it will be attempted to enlarge
upon and add to the five eticlogical facters concisely mentioned in

the guoted sentence:

.1. AGE

Thrombo-angiitis obliterans is a disease that is character—
istically found in young or early middle-aged individuals., Thus, it
is generally agreed that the limits of incidence lie almost constantly
between the ages of twenty-five and fifly years. This is the figure
arrived at by E.V. Allen and G.E. Brown (12), who, in 1928 summarized
the existing literature and submitted their own series of two hundred
cases, In their series, one hundred and forty-four cases of the two
hundred showed an age incidence of twenty-five to fifty years, or
seventy~two per cent. The cases outside the given limits of incidence
did not significantly affect the statistical figure, for there was
seldom a variance of morse than five years. OCccasionally, of course,

a striking case will show at an age much removed from the ususl figure,
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as in the case reported by J.A. Cahill, Jr. (12-4)in which the
patient was two years of age. Buerger (8) mentione@the possibility
of, and actual occurrence, of the disease in very young individuals.

The question arises, "Why should the disease be found in a
given age incidence rather than dispersed more widely?" It is
impossible to answer this question with accuracy and univers=al
acceptance of opinion, for the basic etiology is still undetermined,
and many opinions are fo be proved or disproved. Those who hold that
tobacco intoxication is the basic etiology will postulate that a
certain time must elapse after the individual starts to smoke before
the effect of the intoxication becomes apparent. The investigators
who subscribe to the hereditary nature of the disease would probably
hold that the disease, by virtue of its hereditary nature, tends to
appear at a given age, as perhaps in the manner of Hantingdon's
Chorea, These are merely two obvious examples of influence of the
basic etiology upon the age incidence. Other examples will become
apparent as the elucidation of the variocus theories of etiology
proceeds.

In conclusion of the question of age incidence, it may be
stated that the vast majority of cases will be found between the ages
of twenty-five and fifty years. It is perhaps of significance that
at the Mount Sinai Clinic, when the diagnosis is uncertain, and all
other considerations are equal, those cases under forty-five years
are considered thrombd—angiitis obliterans, while those beyond that
age are considered arteriosclerosis - in the sense, to be sure, of

a working diagnosis,




2. RACE

From 2 time very early in the history of the knowledge
of the disease, the spparent association with the Jewish race had
been discerned. This is borne out by certzin of the earlier names
given to the disease —— names such as "Russian Jewish disease®,
"Yiddish disease", "Non-syphilitic endarfis of Jews."

Further impetus to the racisl conception of the disease was given

by the work of Buerger (8},who found that "about ninety-nine per

cent of cases were Polish, Galician, or Russian Jews." However,

sinece Buerger's work had been published, proper evaluation thereof
reduced the significance of his observations in regard to this factor.
It was pointed out that his work was done at Mount Sinail Hospital,
(New York), st which institution the clientele is almost exclusively
Jewish. It 1s obvious,then, that his finding the disease almost
invariably associated with the Jewish race rests, to a large extent,
on the fact that he was not dealing with a2 group representative of the
population at large.

E.V. Allen end G.E. Brown (12), in their series of two hundred
cases, reporﬁg%hat fifty per cent of cases were Jewish; the rest of
their cases included almost world-wide representation, showing Austrians,
Finns, Norwegians, Germans, Scotch, Irish, French, English, Dutch,
Greeks, native smericans and those of mixed ancestry.

The disease was reported in Chinese by Meleney and Miller,

in Japanese by Koyano -: . (8), in Koreans by Ludlow (20}, in Turks




by Wieting, snd a questionable case in & negro was reported by
Gemmill (9).

In an early publication Willy Meyer (:5) saw: the guestion
of race as a definite predisposing factor, He fedk: that the
etiology of thrombo-angiitis is two-fold:

"(a} A sub-normal hyper-excitable type of nervous

system, & sort of neurasthenis — found in
Hebrews, especially those of Polish-Russian

descent, who are subject to much persecution.

(b) The effect of substances taken into the body
in excessive cigarette smoking. "

It is seen that this theory depends upon the questionable
begis of hereditary functional nervous disease in a specific instance,
and thus lies open to reasonable doubt.

However, Meyer's theory may be construed as gaining in weight
from the materizl reported in a very recent publication., Iast year,
1936, Maddock, %alcolm,;and Coller (52) found that cigarette smoking
by Jewish males caused a greater drop in the skin temperatures of
their fingers and toes then occurred in Gentile meles,

In summarizing the etiological role of race, it must be stated
that, while it does not play so large a part as originally believed,
it apparently does have some influence. Just why those of the Jewish
race are apparently more susceptible to thrombo-angiitis obliterans

has not, as yet, been shown satisfactorily.
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3. TOBACCO

The fact that the use of tobacco is found in the vast
majority of thrombo—angiitis obliterans patients has repeatedly
been pointed out by innumerable workers in this field. These observ-
ations gave rise to the formulation of an etiological rolé in regaxrd
to the habit.

Willy Meyer (5) considered excessive cigarette smoking as
the precipitating agent for his postulated hyper-excitable nervous
systen.

In their series, Allen and Brown (12) fopnd that only three
patients out of two hundred were total abstainsrs. In a control
series of patients with other diseases, but comparazble in age and
sex, forty were total abstainers. The authors, however, warﬁ%%gainst
jumping to apparently obvious conclusions, pointing out that smoking
may have been taken up after the condition (thrombo-sngiitis obliterans)
had developed, because of the pain snd worry. They feit free to con-
¢lude, however, that "....Smoking is more common in thrombo-angiitis
obliterans patients, and may constitute a contributing etiological
factor."

However, Barker (192) found from a study of three hundred and
£ifty cases that tobacco wasn't necessarily sn etiological factor,
pointing out the occurrence of thrombo-angiitis obliterans in patients
who never consumed tobacco. Barker did admit, however, that in his
series, the use of tobacco definitely increased the severity of the

disease,




About four years ago Harkavy, Hebald and Silbert (28)
pointed out "In the large experience of Silbert, no typical instances
of thrombo-angiitis obliterans have ever been observed in non-
smokers", and "Silbert has noted clinically that cessation in the
use of tobacco has often definitely arrested the progress of the
disease." It may be pointed out that this latter observation loses
significance because of the fact that thrombo-angiitis obliterans
is often characterized by spontaneous remissions. However, a certain
amount of weight must be sttached to it, if for no other reason than
because such large numbers of.patients are followed up at the large
clinic in cuestion.

Waddock and Coller (32) found that the smoking of tobacco
causes:

(1) Decreased skin temperature,

(2) Increased pulse rate.

(3} Increased blood pressure.
This was found both in normals and in thrombo-angiitis patients.
Analogous results were obtained from the intravenous injection of
nicotine (weight theoretically similar to that obtained by the smoker
from two cigarettes —— 3.35 mg. per cigarette). This effect on skin
temperature was found ﬁo be apparently on the basis of stimulation of
sympathetic system by tobacco products. The authors did not say that
tobacco is the etiological factor in thrombo-angiitis obliterans, but

pointed out that it mey play a role such as ergot and pituitrin, and
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that constriction on a fundamentally neurclogical basis may later
result in orgenic vascular occlusion.

The contention of Maddock and Coller that tobacco smoking
results in vasoconstriction found adequate substantiation in (389}
in which Johnson and Short reported that in their series of experi-
ments, skin temperature was definitely decreased. In the same publi-
cation, the work of Simici and Marco, and of Bruce, #Miller and Hooker

is reported., All results substantiate the indicated conclusion.

More recently, Lampson (42) not only studied the effect of
tobacco per se, but he sought to inguire into the variations dependent,
possibly, upon different types of tobacco consumption. He found that
the inhaling of one cigarette's smoke caused z sudden marked vaso-
constriction which lasted for about sixty minutes. The possible
importance of this single observation may perhaps be emphasized by
pointing out that many thrombo-angliitis obliterans patients give a
history of having consumed forty to sixty cigarettes daily over periods
of years, If one cigsretie can cause a one-hour's vasoconstriction,
these patients spparently must have had a continual state of spesm
in their vessels, Further, the significance of this must be considered
in the light of the speculation of Maddock and Coller (32, that vessel
spasm may result in organic ceclusion.

Lampson found also that the matiter of inhaling was apparently
of some importance —— for cigareties which were smoked, buti not inhaled,

produced & vasoconstriction reaction which lasted for fifteen minutes.
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Cigar and pipe smoking induced a similar vasoceonstriction - and a
similar variation in regard to the matter of inhaling.

‘The last of Lampson's observations msy have a bearing on
Willy Meyer's theory of tobscco acting on 2 hyper-irritable nervous
system. Lampson found that thrombo-sngiitis obliterans patients‘
responded to tobacco consumption in the same manner as normal subjects.

It will bevobﬁerved that the fore-going material has dealt
with the role of tobacco in thrombo-asngiitis obliterans by a manner
of inference -- in certain of the cases postulating a nervous mechan-
ism for the vascular phenomenon thet may be responsible. There have
bheen no cases of controlled tobacco consumption resulting in disease.
¥hile this is aﬁviously not feasible in humans, work has been done on
animsls.

Less than one year ago Friedlander, Silbert and Laskey (49)
subjected rats to the administration of tobacco through various routes.
Intraperiton€al injections were made in forty-eight male rats and in
twelve female rats. Thirty-three male rats developed gangrene of the
toes In five to twelve weeks; none of the female rats treated for five
to eighteen weeks developed this lesion., In ten control males, under
identical conditions, no gangrene developed. Of six rats subjected
daily to inhalation of tobazcco smoke, over a period of five months,
one male animal developed lesions exactly like those produced by
injections of tobacco extract.

#hile it must be remembered tha%?%esults of animal experimenta-

tion are not necessarily applicable to human disease, this work presents
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a possibly significant sign-post in the road to a final truth.

Silbert, at the Mount Sinai (New York) Clinic, is convinced
of the importance of smoking in thrombo-angiitis obliterans. He says
unequivocally, (41):

81 know that in teking the stand that thrombo-

angiitis obliterans never occurs except in those

who smoke, I am not in complete agreement with

other cobservers., ¥y explanation of this difference

of opinion is that those who report thrombo-ungiitis

obliterans in non-smokers are not careful to exclude

other forms of vascular disease, particularly true.
pre-senile arteriosclerosis.”

Certain investigators have locked to the phenomenon of the
allergic response in the quest for information as to the etiologicsal
role of tobacco. Harkavy, Hebald, and Silbert (£8) feel that it is
B eesClearly demonstrated that s large percentage of patients suffer-
ing from thrombo-szngiitis obliterans belong to the category of
allergic individuals, and that this allergy is essentially character-
ized by a hyper-sensitiveness to tobacco." In 1934, Harkavy (34)
found that in normal smokers there was no allergic response to tobacco
pollen or seeds without concomitant reaction to ragweed or timothy.
This was interpreted as indicating that the reaction to tobacco is a
manifestation of a general allergic response (multipie sensitization.)
It was found that, in thrombo-angiitis obliterans patients, reactions
to tobacco pollen and seed, while lower than those to the leaf, approxi-
mate them, while occurring six times as freqguently as skin reactions to
ragreed and timothy. In the same year, it was found, significantly,

that there was a strikingly larger number of positive skin tests to




tobacco in thrombo-angiitis obliterans cases (sixty-nine per cent)
with : :
as compared —.u the skin tests in controls (eleven per cent).
In concluding a review of the etiological role of tobacco,
certain facts may be considered as true:
(1) The assoclation of thrombo-angiitis obliterans
and the use of tobacco has been practically
universally noted.
(2) Tobacco consumption as the basic etiology is
not generally accepted, but is not necessarily
ruled out.
(3) There is widespread acceptance of tobacco
consumption as an important comtributory factor
in etiology; this factor seems to be based on
: the production of a wvasoconstriction.

(4) Recent work indicates that the etiological role
of tobacco may be on an allergic basis,

4, SEX AND POSSIBLY RELATED FACTORS

It had been long held that thrombo-angiitis obliterans is
limited to the male. However, cases have been reported in which the
patient was female. Telford and Stopford (11) reported two cases of
the disease in women. Other casss of thrombo-angiitis obliterans in
the female were reported by Koyano (8), Melensy and Miller, Buerger
{8}, Silbert (41) and by Herrell and Allen (51). There were no
females in the two hundred cases reported by Brown and Allen (12).
It seems, therefore, that although the premise that the disease is
limited to the male is wrong, it must be admitted that the incidence
in females is significantly low.

Various suggestions have been offered, and not a little work

18.




1€,

done, in a quest for the reason for the discrepancy in. sex incidence.
One possible explanation is that of an endocrine basis,
Koyano of Japan, in his study of one hundred and twenty cases (6)
noted an increase in blood viscosity. This is possibly related to
the finding by Silbert and Friedlander (21) that the blood volume in
thrombo-angiitis obliterané patients is less than in the normal
individual. The latter invesitigators administered thyroid extract
t; e thromba—angiitis obliterans patients and found the blood wolume
to be definitely increased. This incresase, however, was temporary and
gradually fell during continued thyroid administration. Cessation of
thyroid administretion was followed by a prompt return to the original
blood volume figure. They found that the blood chemistry underwent
simultaneous changes, so thalt the figures for total protein, cholesterel
and calcium were diminished to normal during the thyroid administration,
but returned to the original figures on withdrawal of the thyroid. In
further work on the blood chemistry, Silbert and Friedlander (22) con-
firmed the fact that in tbrombﬁ-angiitis obliterans there is concentra-
tion of the blood, and increase in the figures for total ash content,
cholsstersl, calcium, and total protein. They pcinéﬁbut that this may
be interpreted as a relative increase, caused by the lowered blood
volume, but doubgdthat such objection holds, since, while the indicated
figures increase, that for phosphorus content decreases. It should be
mentioned that Silbert and Friedlander (21) had found the basal metab-
olism to be lower in thrombo-angiitis obliterans patients and in male
smokers. This work points to a possible factor to be considered.

Another follows.
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In 1933, Friedlander, Laskey and Silbert (31) made &
study of women who had undergome bilateral cophorectomy. In these
individuals the blood volume was reduced to about twenty-five per
cent of normal, In patients who had had a natural or artificial
menopause (but no bilateral oophorectomy) the blood volume was
found to be within normal limits. From their results the investiga-
tors infer:

iTherefore, it seems that some factor influencing

blood volume is produced by the ovary, even after

other physiological functions have ceased.”

In further work along this same line, the same investigators
(468) again reporéxyeduction of blood volume in patients that had
undergone bilateral oophorectomy; the blood cholesteral, fibrinogen,
and viscosity underwent a colincidental increase., Similar changes
were found in a2 series of female cats subjected to bilateral cophor-
ectomy, while in a control group of eleven patients who had ﬁnder—
gone natural or artificial menopause (but no bilateral oophorectomy),
there were no changes in blood volume or chemistry. This study
suggested:

" 1, Possible importance of the ovaries as a pro-
tective mechanism against the disease.

2. Reduced blood volume may precede the develop-
ment of the disesase. i

In 1935 Silbert reported two cases in women (41), and at this
time stateds
"Evidence is as yet inconclusive, the striking

limitation of thrombo-angiitis obliterans to the
male sex and the great preponderance of cases in

lf‘?.
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the Hebrew race suggests that there is a
sex-linked hereditary factor in this disease."

He pointedout the possibility that thrombo-angiitis obliterans

may be a sex-linked disease (in the manner of hemophilia) but
through some varistion, there may be cases in which it may affect
the female who would ordinarily only transmit it to the future male.

McGrath (45) again focused attention upon a possible pro-
tective mechanism resident in the ovary. He produced gangrene in
the tails of female rats by the administration of ergotamine tar-
trate. If theelin were injected into these rats, the same amounts
of ergotamine did not cause gangrene. Theelin did not, however,
protect male rats from ergotaﬁine—induced gangrene,

Theoriss, other than those on éndocrine bases, have been
evolved to explain the varistion in sex incidence of the disease.
Horton and Brown (25) presenéxien cases of thrombo-angiitis obliter-
ans in the female, and, while admitting that the disesse is much
rarer in the feﬁale, postulatéithat women do have the disease. They
postulatéithat,while EOmen are_subject to the disease, theirs is a
much milder form, so that it is usually overlooked, inasmuch as it
seldom causes serious sequelae.

Others postulatedthat the disease really has no variation
as regards sex incidence., They clain®®hat the reason more cases
are not seen in women is because women do not smoke as much as men.
Maddock, Maleolm,and Coller (52) showed that cigarette smoking in
women resulted in a drop in skin temperature, and incressed pulse

and blood pressure, similar to that produced in men. For evaluation
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of this theory, it sesms we shall have to wait until such a time
when women will have egualled men in the matter of tobacco con-
sumption -- a time, apparently, not very far in the future.

It is to be seen, then, that the disease, although rarer
in females at this time, is definitely found in that sex. Definite

explanation for this phenomenon is, as yet, not knowm.

5. INFECTION

From a time early in the history of the disease, various
investigators have postulated the existence of an etiological basis
of infectious nature. |

Buerger himself, from his study of the histopathology,
definitely felt thet activity indicative of a microbial agent was
indicated. | |

Slightly more than twenty years ago, the idea was advanced
that latent typhus was the basic cause of thrombd—angiitis obliterans
(Goodman and Bernstein (1) ). This series, however, was not well
substantiated; only three of the twenty-one cases showed positive
serology for typhus. In September, 1918, Professor Bruno Wolff
stated tﬁat gangrene of the extremitiesvwas among the most frequent
clinical manifestations of typhus (quoted in 13). Goodmsn's thesis
is further based (2) on the work of Fraenkel, who concluded that the
areas of necrosis shown in arterial walls after typhus must be

considered pathognomonic of the disesse. In Fraenkel's opinion, this

was not sesn more often because it required for demonstration a difficult,




special technic, Fo; almost twenty yesrs, there had been apparent-
1y very litile work on the matter of typhus in thrombo-angiitis
obliterans. Then, in 1935, Goodman and Brodie (43) were again
heard from. They presented a series of fourteen cases of thrombo-
angiitis obliterans and twelve controls., ©Skin tests for typhus
were performed on all the individuals, and it was found that all
the thrombo-angiitis obliterans cases reacted positively. Reaction
in any of the controls was negative or, at best, doubtful, This
work has not been corvoborated. The work on the etiologicsl role
of typhus has been quite scanty, and further consideration of this
factor must necessarily await additional investigation.

In 1823, Rabinowitsz (7} claimed to have isolated an etiolog-
ical organism. From a culture of pathological vessels, he obtained
a gram negative bacillius of the following characteristics: Aerobidc,
facultative anaerobie, freely moltile, G.S‘to 1.0 microrfin diameter
and 0.5 to 1.0 microrfin length (sic). DNo capsule, spwes, or flagellae
were séén. Best growth obtained on Loeffler's medium. There occurred
fermentation of glucose, saccharose, and mannitel, but not of lactose.
Indol reaction on sugar—free broth was negative. On agar, calonies
were scanty, raised,and smooth, rather translucent, colorless, round,
with a sharp border. Best gre%th at thitty-seven degrees Centigrade,
maximum temperature fifty degrees Centigrade, minimum twenty degrees
Centigrade. W¥hen this organism.was injected into rabbits, lesions
were found which were similar to those of thrombo-angiitis obliterans

in gross and microscopic pathology. The organism was recovered from
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the experimental animal, Unfortunately, this interesting work
received no corroboration.

In 1930, Horton and Dorsey (15},of the Mayo Clinic, obtained
in pure culture from acutely inflamed arteries and veins of nine
thrombo-angiitis obliterans cases of thirty-four, a gram positive
pimorphic streytococcus,'and from two of the thirty-four cases a
green-producing streptocpccus. Negative cultures were obtained from
twenty-four of the thirty-four cases of the series., The organisms
were introduced, by various routes, into the bodies of rabbits and
dogss lesions similar to, or identical with, those of thrombo-
angiitis obliterans were found in twenty-five per cent of the
experimentsl animals, ZRosenow stated that he never saw these lesions
develop spontaneously in rabbits, but added that, inasmuch as the
experiment had not been adegquately conirolled, the result could not
be taken as conclusive. G.E. Brown, of the same institution, added
that this research was interesting, bubt not conclusive, and suggested
that further experiments be done with normal and arteriosclerotic
tissues. Two years later, Horton and Dorsey (28) presented another
series, in which they isolated a similsr organism and succeeded in
apparently producing thrombo-angiitis~obliterans-like lesions in a
minority of experimental animals, Inasmuch as corroboration of this
investigation has not appeared, ascceptance of its veracity must be
kept in abeyance,

In 1928, Allen and Brown (12} suggested the possible role of

focal infection. In their series of two hundred cases, seventy-five
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per cent had clinically importasnt dental infection, eighty per

cent had infected tonsils. One~fourth of the cases had prostatic
examination; of these, fifty-two per cent had prostatitis of elini-
cal importance., In only thres cases of the series there was no
evidence of demonstrable foci of infection. The literature is lack-
ing in further work on this phase,

It had been suggested that syphilis had etiologicsl signifi-
cance in thrombo-angiitis obliterans. Smith and Petterson (10)
presented a case in a known luetic and advanced the spirochaetal
infection as the basis for the vascular pathology. Many investiga-
tors pointed out subsequently that lues may be found coincidentzlly;
in the two hundred cases of Allen and Brown (12) only three cases
had positive serology. It is quite widely held that syphilis plays
no part in the causation of thrombo-angiitis obliterans; when the
two conditions are found together, it is regarded only as a matter
of association.

In October, 1938, Allen and Lauderdale (53) presented the
case of thrombo-angiitis obliterans in a surgeon. This surgeon had
wounded his fingers in removing a toe in a case of thrombo-angiitis
obliterans; thrombo-angiitis obliterans subsequently developed in the
involved fingers. The authors, in pointing out the possible infectilous
basis, indicatethe work of Schmidt-Weyland. This worker found that
intravenous injection of streptococci of high virulence, tubercle
bacilli of humsn and bovine strains, and killed colon bacilli, produced

gangrene in twenty of forty-eight experiments, provided that 0.5 c.ec,
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of a 1 - 1000 solution of spinephrine chloride was injected near
the base of the rabbits! ears daily. Control experiments consist-
ing of similar injections of tubercle bacilli, streptococci, and
colon bacilli, and of epinephrine separately, did not produce
gangrene, This work suggest@ﬂthat bacteria, ailded by a vaso-
constriction mechanism, may be responsible for the production of
the lesions of thrombo-angiitis obliterans. It is obvious, however,
that application of these results to the dissase in man would be
premature and ill-advised.

Tn regard to the infectlous theory of etiology, it seems
that, although suggestive work has been put forth, serious acceptance

must be withheld for want of adeguate confirmation.

6. ERGOT

The origin of ergot in contaminated rye and its potent vaso-
constrictive action has long been lmown. Many cases of gangrene due
to ergotism had been seen in Southeastern Hurope. ~In 1932, Klein
(23) postulated that ergot intoxication mey be the essentisl or con~
tributory etiology of thrombo-angiitis obliterans. He pointed out a
series of cases of what was apparently ergotism among the Jewish
population of Manchester, England. This series was believed due to
the ingestion of rye bread made from contaminated grain.

In the same year, Kaunitz (27) point#Uut the danger of eating
grains contaminated with ergot. He further point?dout that the pathol-
ogy in ergotism and in thrombo-angiitis obliterans sre, in certain

respects, quite similar. On this basis, he suggest?dthe'possibility
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of ergotism having an etlological role in thrombo-angiitis obliterans.

In the ensuing four years, there appeared no further work
to strengthen this hypothesis, so that we are forced to deny it the
recognition of established fact. |

In the interest of completeness, mention should be made of
two other etiological theories,

In 1934, H.J. Gray (33) advenced the idez that thrombo-
angiitis obliterans is the end-result of an intestinal putrefaction,
with the resultant foxins in the blood stream having a selective
action on the vascular intima,

In 1935, J.B. McDougall and J.H. Crawford (44) report a case
of thrombo-asngiitis oblitersns in a gassed war veteran and advanced
the theory that the toxic militery gas was the etiology.

Eoth of these theories seem, for reasons quite obvious, quite
untenable. Inasmuch as they have received no discernible support,
they will be passed over with the euphemism of "Early and, as yet,
unproven,®

In 1936, Babinowits and ke 22062

gported a derangement of
phospholipin metabolism in thrombo-angiitis obliterans @atients, and
they fedt this may play =z part in the éiology of the disease, They
found that, although phospholipins- were mobilized into the blood
stream, they Were‘not properly stored or wubtilized in the form of
creatine phosphate. Instead, there was a lowering of the lecithin

to cephalin ratio (derivative products of phospholipin metsbolism)

and an absolute increase in the plasma cephalin. These workers felt
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that, inasmuch as cephalin is an agent in the mechanism of clotting,
increased cephsalin in the blood must predispese to the intravescular
clotting that is a feature in thrombo-angiitis obliterans., This
work, it is seen, does not explain the inflammatory lesion, which,
it will be seen, is believed to vrecede the thrombosis. However,
this recent work may be found as touching on an accessory factor

in the etiology; proof is dependent upon further investigation.

There is @ feeling among certain workers in the field that
the disease rests basically upon a disturbance in that Ydark continent”,
the hypothalamus. It is felt that dysfunction here produces abnormal
vasoconstriction that results in the disease. The idea is, at the
present time, only & "hunch", and depends for its further evaluation
and elucidation upon the discovery of the composition and function of
this neurological "No man's lsnd.”

In concluding this section, it is seen that the etiology of
thrombo-angiitis obliterans is, at the present time, unknown. The
various theories have been presented with an attempt at evaluation

thereof.
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PATHEOLOGY

Thrombo-angiitis obliterans has been defined as "A clinical
and pathological entity characterized by thrombetic occlusion of
arteries alone or of arteries and veins.....! Inasmuch as it is
guite generslly accepted that these divisions of the blood\vascular
system are the site of pathological involvement, it is reasonable
to begin the discussion of the disease's pathology by a considera-
tlon of these parts. Buerger, of New York, was the first investiga-
tor to present a comprehensive study of the disease, particularly of
its pathology. His findings have been accepted practically entively
without a dissenting voice; it therefore sesems reasonable to present

his work (6).

GROSS PATHOLOGY

- The deep vessels of the amputated legs regularly show an
extensive obliteration of the larger arteries and veins. Besides
this, there are two other lesions which vary greatly in their intensity,
namely, the peri-arteritis and the arteriosclerosis, The appearance
of the vessels on gross section depends upon the age of the occluding
process, Usually the vessel is seen to be filled with a grayish
or yellowish mass that can be distinctly differentiated from the

annwlar: wall of the vessels, and that appears to be pierced at one
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or a number of points by an extremely fine opening through which

a minute drop of blood can be sgueezed., Such obturating tissue is
firm in consistency and does not at all resemble the crescentic or
semi~lunar occluding masses typical of arteriosclerosis. The vessel
itself is usually contracted, so that its wall appears to be some-
what thickened. This picture is characteristic of arteries or veins
which are the seat of a very old obliterating vprocess, and is to be
found most frequently in the peripheral portions of the vessels,
although at times this type of lesion may extend throughout the whole
length of the vessel.

As we trace certain of the obliterated anteries or veins
upward, we are apt to meet with a change in the character of the obtur-
ating tissue. Frequently it becomes softer, more brownish in color,
and terminates abrupily in the lumen of an apparently normsl vessel;
at other times the brownish tissue gives way to soft, reddish masses
which are evidently the results of recent thrombosis. In some cases,
this thrombotic process occupies larger portions of the vessel's course;
in others,it is of short extent and terminates in a long cone of recent
thrombosis.

The veins share egqually with the arteries in the lesion of
occlusion; in some cases, the veins are more extensively involved than
the arteries.

Besides the lesion of occlusion, there are two other striking
changes, namely, a certain amount of arteriorsclerotic thickening and

periarteritis. Arteriosclerosis is absent in the younger cases; when
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present, it is never pronounced,except in those rare instances in

which the patient has suffered from the disease for many years

o
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has reached the age of forty or more., As a rule, we note but a
very slight degree of whitening or thickening of the intima, here
and there, in the patent portions of the vessels. In a very few
cases, small atheromatous. patches are present.

A much more interesting and more important change is the
fibrotic thickening of tissues immediately about the vessels. Wherever
the vessels are occluded, there is apt to be zn agglutinative process
which binds together the artery and its collateral vein, and some-
times, also, the accompanying nerve, so that the liberation of the
individual vessels by dissection is difficult. The adhesive condi-
tion is due to the fibrous tissue growth and varies considerably in
its smount. The peri-arterial fibrosis varies, sometimes being almost
absent, at other times so great that isclation of the vessels or nerves
becones impossible,‘and the vasculzar structures make up one denge

rigid cord.

HISTOPATHOLOGY

The lesions may be considered in two stages:
(1) The acute or incipient stage of thrombosis.
(2) The healed or organiszed stage.
Betwesn the earliest alterations in the deep arteries and veins and

superficial veins and the finished product there are a large number
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of intermediate pictures that illustrate the metamorphosis of the
obturating clot into the intravascular ciecatrix.

(1) The Acute or Specific Lesion.

The early lesions are so characteristic histologically that
their sppearances :is praétically specific for thrombo-angiitis -
obliterans and may permit the pathologist to make a diagnosis of
the disease., They are rarely to be seen in the deep vessels for
the reason that the patients do not allow amputation until the
disease has lasted for months or years, However, they can be well
studied when these are the seat of the typicsl migrating phlebitis,
and have been shown by Buerger to be identical with the acute lesions
in the deep vesselse.

The earliest changes appear to be the usual evidences of an
acute inflammatory process involwving all the coats of the vessel,

The media, adventitia,and perivascular tissues are infiltrated with
polymorphonuclear leukogytes and the lumen of the vessel is completely
filled with red clot. In the peripheral portions of the clot, larger
or smaller foeci of 1eukocytss (purulent foci) begin to form, whose
growth occurs by virtue of the immigration of leukocytes. Then, cer-
tain peculiar giant-cell foci develop and are characteristic. They
contain glant cells, endotheliold cells or =zamgioblasts and numerous
broken-down leukocytes. These focl then undergo connective tissue
replacement. The glant cells gradually disappear; numerous small
vessels are formed, the final product being a fibrous nodule contain-

ing vessels and some pigment. In the rest of the occluding clot the
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organizing process is somewhat different, resembling that which

characterizes the organization of blood clot in other thromboses.

(2) Healed or QOrganizsd Stage.

The most common lesion is z total obliteration of the lumina
of arteries and veins by connective tissue. Histologically, this
may be extremely varled in the general appearance, but each picture
can be interpreted correctly as having its origin in the lesion of
occlugive thrombosis. This obturafing connective tissue usuvally
harbors numerous small vessels, pigment containing hemosiderin, and
a fair amount of connective-tissue cells. The canalizing vessels,
when they become dilsted,form smaller or larger sinuses, giving the
fenestrated or cribriform lesion seen on microscopic section of the
vessels, or when the canalizing vessel becomes eccentrically placed.
and sufficiently large, this sinus is responsible for the appearances
which have been incorrectly interpreted as the product of an endarter-
itis obliterans,

Elastic tissue stains dewmonstrate characteristic differences
between this process and arteriosclerosis. Thus the region of the
organized clot is almost completely free from elastic tissue. The
small amount which is present is concentrically disposed zbout the
new-formed vessels.

3411l more suggestive and instructive is the finding of
various stages of the disease in different members of the same vessel

sheath. Thus a large artery affords & view of the old lesion as well




as one of its venal comites. Another accompanying vein, however,

is in the ‘acute” stage of the disease, a smaller venule or

. satellite belng in the intermediary stage, where certaein miliary

giant-cell foci make their appearance. Such pictures not only
reveal the thrombatic nature of the disease but also present an
argument in favor of the following two assumptionst That the dis-
ease begins with an inflammatory lesion attended with occlusive
thrombosis, and that it affects the arteries and veins in a sort
of relapsing fashion, very much in the same manner as in the veins
in migrating phlebitis.
In short, the lesions in thrombo-sngiitis obliterans are,
in chronologial order:
(a) An acute inflammatory lesion with occlusive
thrombosis, the formation of miliary giant-
cell foci.
(b) The stage of organization or healing, with
the disappearance of the miliary giant-ecell
foci, the organizstion and canalization of
the clot, the disappearance of the inflamma-
tory products.
(¢) The development of fibrotic tissue in the
adventitia that binds together the artery,
vein and nerves.
As far as could be determined, the literature presents but
one dissenting voice, that of Perla (22). This investigator stated
that the lesions seen in migrating phlebitis described as character-

istic for thrombo-angiitis obliterans by Buerger really are not

specific, He wenit on to say that Buerger's so-called "specifie




lesion® is never seen in the deeper arteries or veins, the
primary seat of the disease. A4s stated, Perla'swas the only dis-
senting volce, and in the twelve years that have passed since his
contention (1925), he has found no corroboration. It therefore

sesms reasonable to accept Buerger's description.

CLINIGAL PATHOLOGY

Distribution:

That thrombo-angiitis most frequently involves the biood
vessels of the lower extremities has long been widely known aﬁa
universally accspted Buerger (8) points out:

"The veins share equally with the arteries in

the lesion of occlusions. In some cases, the

veins are more extensively involved than the
arteries, and this is particularly true of the
collaterals of the posterior tibial which ave

often closed when the anterior tibial veins sare

open. As for the arteries, we usually find an
obliteration of a part or of the whole of the
anterior tibial, occlusion of the dorsalis pedis

and dorsal hallueis, of the posterior tibial and
plantar vessels, with or without involvement of

the peroneal. Sometimes the anterior tibial is
practically normal in its upper half or upper two-
thirds, More rarely, a large portion of the dorsalis
pedis is open, with the beginning of the occlusion in
the upper half of this vessel or in the lower portion
of the anterior btibial."

Jablons (19) report%dthe most fregquent sites as: Dorsalis pedis,
posterior tibial, peroneal, popliteal, and not infregquently the

femoral.

2.

Even at the present time many physicisns are under the impression

that thrombo-angiitis obliterans is s disease of the arteries and veins
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of the extremities; the idea persists in certain text-books. This
conception is not true; at best, it is only partly correct. Thrombo-
angiitis obliterans is a diseasse of the blood vessels of the entire
body; its apparent limitation to the arteries and veins of the
extremities is due to the fact that the vessels of these parts are
predisposed to insult by the mechwnical factors involved in the
circulation of dependent parts generally.

There are represented in the literature instances in which
the disease has besen found to involve vessels in almost every part
of the body. In 1924, J. Meyer (18) described a case in which there
were probably lesions in the intestinal vessels; the patient, a man
suffering from thrombo-angiitis obliterans, presented symptoms of
intermittent "claudication” involving the intestinal tract. Buerger,
quoted in (19),reported spermatic vein irvolvement, and Spiegel
(quoted in the same review) found involvement in the inferior mesen-
‘teric artery. Linenthal and Barron (31 presenﬁﬁtwo cases of cerebral
vascular patholegy in patients with thrombo-asngiitis obliterans of
the legs; they Jjustified the contention that the intra-cranisl
pathology was thrombo-angiitis obliterans on the basis of the age of
the patients (under fifty years) and the fact that there were no signs
of artericsclerosis. Samuels and Feinberg (42) presented fifty cases
of thrombo-angiitiz obliterans of which five showed definite clinical
and electrocardiographic evidence of coronary involvement., Taube (44)
present® two cases of thrombo-sngiitis oblitersns of the extremities

that developed mesenteric thrombosis. Gresser (46) present®d a cacse
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of occlusion of the restinal vessels in a patient suffering from
-thrombo-angiitis obliterans; arteriosclerosis was ruled out. Birn-
baum, Prinzmetal, and Comnor (51) present®a case of generalized
thrombo-angiitis obliterans, verified by post-mortem examination;
involvement was seen in cerebral, retinal, pulmonary, coronary,
mesenteric, suprarenal, pancreatic, duodenal, hepatic, renal, and
progtatic vessels — in addition to those of the extremities., Aver-
buck and Silbert (54), in a consideration of the causes of death
in forty-seven patients that had thrombo-angiitis oblitersns, found
that such patients often disdas a result of thromboses of arteries
in the heart, brain, snd intestines. "The fregquency of such vascu-
lar involvement forces the conelusion that & bona fide association
doubtless exists, and that the thrombobic occlusive menifestations
outside the eétremities are related tc the established disease
process." In June, 1236, Cohen and Barron (80) reviewed the litera-
ture on the autopsy material in thrombo-angiitis obliteraﬁs and con-
cluded that thrombo-angiitis obliterans is a generslized disease
process which may affect vessels anywhere in the body, giving a
clinical syndrome dependent upon the vessels and organs affected.

It may be wise to point out here the possibility of aneursyms
as part of the picture in thrpmbowangiitis obliterans. In 1232,
Pemberton and Mehorner (47) reported two cases in which aneurysms were
associated with thrombo-angiitis obliterans. Four cases in all of
aneurysms associated with ﬁhrombc«angiitis obliterans were described

ab-the Mayo Clinic from 1912 to 1928. The authors stated,"The
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pathogenicity of thrombo-angiitis obliterans makes it a not un-

likely cause of aneurysm sand the association of the two dissases
is probably more than coincidental,.,” Inasmuch as the literature
is lacking in further word on this consideration, the question is
not regarded as settled.

Blood Phenomena:

In view of the fact that intra-vescular clotting is one of
the prime features of thrombo-angiitis obliterans, it is not at all
surprising that many investigators in the field have based their
researches on a study of the blcod. We now turn to a consideration
of their findings.

In regard to the blood %iscosity (2 point to be considered,
inasmuch as it is a large factor in the phenomenon of clotting),

there has been found an increase. 'Koyano (10}, in his study of the

disease in one hundred and twenty Japanese, found a definite increase

in viscosity. (This observation will be found significent - see

"Therapy" - in that it furnished the basis for an established mode
of treatment.) This observation was substantiated by Jabloms (19)
and Mayeshima (quoted in 18). Koyano reiterated his findings in a

later study (17). Still further corroboration is seen in the work

of Silbert, Kornzweig, and Friedlander (40) and of Silbert and Fried-

lander (43). The latter workers pointﬁ%ut thet the increase in
viscosity does not seem to be a matter simply of dehydration.
The blood volume in thrombo-sngiitis obliterans was found

to be decreased, Silbert and Priedlander found an apparent relation

to thyroid functicn'(és).
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In regard to figures for various blood constituents,
there is not found to be comgete agreement of opinion., Viewing
the work on the nitrogenous constituents of the blood, Bernhsrd
(9) found no increase over the normal figure. Later workers do
not agree with this observetion, for Jabloms (18) report%ﬁa high
uric acid figure. Silbert sné Friedlander (43) reporﬁégn increase
in total protein.

The blood cholesteral.was found normal by Bernhard (9) and
by Koyano, However, in the series of Heitz and of Trolssier and
Revina, the figure was found to be deflinitely raised, The figure
of Silbert and Friedlander (43) corrvoborated the latter.

Blood chlorides were found to be within normal limits by
Bernhard (9) and by Silbert and Friedlander (43).

The blood calcium figure was found normal by Bernhard (9),
but in the studies of Kahn (quoted in 18) and of Silbert and Fried-
lander (43), it was found increased.

Willy Meyer (8) found an apparent abnormality in the glucose
tolerance, reporting a curve similar in shape to those of the normal
and the cdiabetic, but intermediate in height. This was not substan-
tiated by later workers. In Bernmherd's series, 92% of cases had a
normal curve, while 8% showed 200 mg. per cent or more at the end of
two hours. This was not borne out in the work of later observers;
Meleney and Hiller (quoted in 19) and Silbert and Friedlander (45)
reported normal figures, |

The blood concentration ls appsrently increased; this was
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shown by Koyano (10}, Jabloms (19}, and by Silbert and Fried-
lander (43).

Thomes (13) reported a case of thrombo-angiitis oblitersans
in which he had found a persistent lesucocytosis. The literature
furnishes no corroborative work since this repori.

In 1933, Rabinowitz (49) reported an appavent derangement
of phospholipin metabolism; he found an increased lecithin content
in the blood in thrombo-sngiitis obliterans cases. He fell- this
is linked with the fact thet choline (which is easily split off from
lecithin) is found in abundant quentities in the urine (his series).
He further believes this is connected with the fact that he has found
the rmyelin of the nerves (which is rich in lecithin) to undergo
almost complete absorption in thrombo-angiitis oblitersns cases. He
believes (60), "Phospholiping are mobilized into the blood stream,
but net- properly stored or utilized in the formation of creatime phos-
phate which is necessary in normal muscle activity." At the present
time, this line of investigation rests uncorroborated.

Summarizing, it seems accepted that, in regard to blood
figures in thrombo-angiitis obliterans, there is:

(1) Increased viscosity.

(2) Increased concentration.

(3) Decrezsed volume.

(4) Increased calcium,

(5} Normal chlorides.

(6) Normal gliicose tolerance,

(7) Other figures remzin unconfirmed or equivocal.

In conclusion of this section devoted to a consideration of
the pathology of thrombo-sngiitis obliterans, there has been considered
the gross and microscopic pathology of the disease, the distribution of

lesions, and the blood phenomena.




SYMPTOMATOLOGY AND DIAGNOSIS

Buerger ("Pathology" 6) defined thrombo-angiitis ob-
literans as "a clinicsl and pathological entity....giving subjec-
tive manifestations, chief among which are: Fain and the peculiar
symptoms of intermittent claudication; and presenting objective
phenomena, the most imporitant of which are - redness in the
dependent position of the limb, m&rkedvbl&nching in the elevated
position, evidence of arterial occlusion in the form of pulseless
vessels, trophic disturbances of moderate extent, and of even grave
consequence, often terminating in gangrene of one or both lower
extremitics." As stated, this definition includes the main symp-
toms and findings; elaboration of, and addition to these poinis

%ill be attempted in the ensulng section.

SYMPTOHS

Pain:

Probably the most frequent cause of bringing patients,in
general, to seek medical aid is the symptom of pain., This is
found true in the instance of thrombo-angiitis obliterans, Before
discussing the subject of pain in thig disesse, it is well to point
out the variability of this general subjective manifestation, It
is well known that reactions to pain vary widely from individual
cigital

to individual; Libman's test, (degree of pain perceived when,pressure

is exerted over the tips of the mastoid processes) performed upon
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large series of patients, serves to illustrate this truth. There-
fore, in evaluating the story of any patient, due consideration
should be given to the patient's reaction-type.

Theve are, generally, two types of paln in thrombo-angiitis
obliterans:

(2} Intermittent Claudication:

This type of pain is observed to have two important
characteristics ~ (1) pain and/or cramp thet is brought on by
exercise of the involved part, (2) relief by rest. The pain is
most frequently experienced in the czlf of the leg; other common
sites are the fooit, ankle, and patellar area., As noted, however,
this symptom occours in relation to the involved part; in "Pathology"
a case is referred to where it was noted in relation to the gastro-
intestinal tract. The production of the pain is guite well agreed
upon. Brown and Henderson (11) voiced the common belief that "it'
is an expression of anoxemla and indicates deficient supply of
blood for the muscles under conditions of work". Lewis postulated
the formation of an "X" substance within the muscle. Rabinowitsz
feels the basis may be found in an abnormal phospholipin metabol-
ism (See "Etiology"). Generally, it is believed, as indicated,that
some products of muscle metabolism accumulate,due to lack of thel
oxidation by oxygen normally suvnplied by unimpaired circulation; this

o

seems Treasonable on the baslis of aggravation by exercise and relief
by rest,

It must be appreciated that intermittent claudication is




one of the most frequent symptoms and may be noted as the only
symptam for a varying period before the appearance of other symp-
toms or signs, In Perla's series of forty-one casses (8), it was
the only symptom for from seversl months to as long as five yeurs
before the appearance of other symptoms, In the series of Brown
and Henderson (11}, it was the first symptom in fifty-one per cent
of cases, and existed for periods the shortest of which was two
months and the longest fifteen years. The same suthors noted a
variation of this symptom in the form of abnormel fatigue that
comes on, especially in one rather than in both legs, upon the
performance of an "ordinary" amount of exercise.

Simmong (38),in 1936, devised a mechsnical aid for the
measurement of intermitient claudication, which he called the
"ergometer®, Essentially, this is a machine which enables an
observer to count the number of times the patient can 1ift = known
weight through a uniform distance by dorsifiexion of the foot.
Intermittent claundication is denotzd by the number of times the
foot is flexed in order to produce noticeable pain and to tire the
mascles to the point of exhaustion so that no 1ifting is possible

without a rest period. This device may become widely accepted as

a diagnostic and prognostic aid; at present, it is usual to inguire

of the patient how many blocks he can walk.

(b) "Rest" Pain:

This type of pzin typically occurs late in the disease,

40,



practically always after numerous other subjective and objective
signs are present. It is a steady, constant, burning, tormenting
pain that is apparently worse at night. The basis for the pain,
28 yet undetermined, finds possible elucidation in two theories,
The first postulates that it is due to imminent tissue desth in
a part,the circulation of which is seriously compromised. The
second points to the peri-arteritis elucidated by Buerger as part
of the disease-process and bases the pain upon involvement of the
conbiguous nerves by the fibrous tissue which tends to contract
down upon the nerve with the passing of time. In many cases, this
may seem valid, sinece the nerve may be seen tc be closely matted
however,
with the connective tissue,while,other cases,in which there is
severe pain,may show clean nerves,

This pain, which is unassociated with exercise, cannot be
over-emphasized in point of its severity. Many cases do not yield
to morphia and cause the patients to plead for amputation. Buerger
noted that this symptom may, directly or indirectly, lead to appar-
ent mental derangement.

Another type of pain - assoclated with the so-cailed
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migratory thrombophlebitis - 1s observed in thrombo-angiitis obliter-

ans, It will be noted under the remarks on the vein involvement.

Sensabion of OJoldness in the Involved Part:

Patients freguently complain of a feeling of coldness in

the hands or feet, depending upon the site of involvement. Thiz is




often preceded by a feeling of numbness or stiffness in the

fingers or toes, Although the degres of coldness varies, the
sensation may become so intense that the patient feels he is walk-
ing on ice. This symptom is based apparently upon the impairment
of circulation; Jablons ( 8) noted that if the circulation improves
the coldness gives way to a comfortable sensation of warmth and the
toes and fingers no longer feel stiff. This symptom does not seem
to have the disgnostic importance of intermitbtent claudication. In
the seriss of Brown and Henderson (11), coldness of the extremities
was the first symptom in twelve per cent of cases, while it had
been pointed out that intermittent claudication —- often called the
symptom par excellence of.thrambo—angiitia obliterans - was the

first symptom in fifty-one per cent,

Migratory Thrombophlebitis:

This condition, denoting involvement of a superficial vein,
is seen in about twenty per cent of cases, The most common site
is the internal saphenous; other sites are the external saphenous,
radial,and ulnar., There may be simultaneous or intermittent in-

volvement of more than one vein. The involvement usually shows
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itself in the form of small, red, nodular areas denoting the condi-

tion in various lengths of the vein, The areas affected are from
one tc four inches long, often multiple, and frequently involve
adjacent structures. The pain is variable; in some cases there may

be none at all, while in others there is intense subjechtive reactio

Ile
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The pain varles from dull to sharp and burning; in some cases
manifested as a sense of "tightness.”

Upon palpation, the swelling is doughy in the acute stege
and later becomes firm, Then the swelling subsides, the vein may

be noted as a fibrous cord or as a brownish stresk.

PHYSICAL EXAMINATION

<

Mthough certein sources hold that p siéal diagnosis is
rapidly becoming a lost art, soon to be replaced by more accurate
methods, such as XZ-Ray, electrocardiograzhy, etc., the use of the
ordinary physical senses still stands the physician in good stead.
The thus discernible features in thrombo-sngiitis obliterans will
now be discussed. Two modes of examination have importance, namely,
inspection and palpation; where they are to be supplemented by
mechanical aids, appropriate discussion is included,

In;observing the general appesrance of the limb, it is

important to observe any departure from the normal. Skin changes
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are seen in the form of fissures, ulcers, bullae, ecchymoses, impaired

nail growth, gangrenous areas, signs of infection, lymphangitis, and
venous thrombosis (descoribed above}, evidence of melnutrition, such
as atrophy, exceptiocnal prominence of bony landmarks and tendons.
Variationszfram the normal color, particularly msrked pallor in the
elevated ppsition, increased redness on dependency, cyanosis -~ all
of which are manifestations of impaired circulation.

The nails, in the early stages of impaired eirculation,
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show a slight vertical ridging which may be associated with a
greyish-black discoloration that, in some cases, extends down to

the half-moon of the nails. The growth of the nails may be definite-
1y slowed; when the condition of the circulation improves, the rate
of nail growth becomes more rapid and in some cases there is ob-
served an appreciable degree of hyperkeratinization.

Color Changes:

Inasmach zs the skin color depends upon the state of the
circulation (and certain other factors, such as thickness of the
skin, pigmentation, etc.) important informetion may be derived in
this condition, z prime feature of which is impairment of the circu-
latory state.

hile color changes wmay be apparent when the limb is in the
horizontal position, they are much intensified by elevation and/or
dependence, With the limb in the pendant position, and in the ab-
sence of inflammation, a red flush involves the toes (fingers, and

dorsum, as well as the sole (palm) of the foot (or hand) extending
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upward for a variable distance, rarely further than the ankle {or
wrist)., This is a phenomenon seen in many cases of occlusive vascu-
lar disease; it is known as rubor or erythromelia (not to be confused
with erythromelslgia). It is believed to be brought about by a
compensatory dilatation of the superficial capillaries, and is most
characteristic of thrombo-angiitis obliterans, although found in
other arterial affections attended by closure of larger vessels

(Buerger 5). Although more striking in the pendant position, the
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rubor mey also be present in the horizontal position, and when
continuously in evidence, is termed "chronic rubor® or "chronic
erythromelia®™, in contra-distinction to "resctionary rubor™ that
may be induced by depressing the limb after previous elevaiion.

%hen the affected limb is elevated , blanching becomes
apparent, with rapidity in direct ratio: to the amount of involve-
ment. The extent of blanching and the rapidity with which it
occurs mey be of zid in estimating the degree of arterial occlusion.
When the affected limb is cold, the tips of the toes may remein
slightly blue or cyanotic. Should the blanching be slow in appear-
ing jor very hard to determine, pressure upon the tips of the toes
after the limb has been elevated for some time will show whether
or not the part has become depleted of blood. Compression of the
toes of the elevated foot in normal cases will reveal the presence
of sufficient bright arterial blood (rarely, slightly cyanotic)
while a varying degree of ischemia, with or without marked cyanosis,
will accompany obliterated or obstructed arteries.

Buerger's observations led him to formulate the ‘Yangle of
circulstory sufficiency.® The estimation of the angle is based on
the supposition that the normal limb, when elevated so as to be
perpendicular to the horizontal plane ("angle of 180 degrees") still
retains most of its color. When the circulatory mechanism is de-
fective and the limb 1s elevated to the vertical, a variable degree
of blanching of the foot occurs. If the leg is then gradually
depressed, the angle at which a reddish hue returns - the angle of

circulatory sufficiency - will be found to vary considersbly. In
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some cases, it will be necessary to depress the limb to the hori-
zontal before evidence of returned circulation is manifest. The
angle of circulatory sufficiency would then be ninety degrees.
In many cases of arterial disease the estimation of this angle is
a valuable adjuvant, not only in the recognition of the extent of
the circulatory disturbance, but also in prognosis (5).

Buerger (£) also formulated the sign of "reactionary rubor"
(or reactionary erythromelia). This refers to an induced rubor
that manifiests itself in the pendant position of the foot after the
limb has been previcusly elevated to the vertical. It is a physio-
logical phenomenon that blanching of a limb artificially produced
by an Esﬁarch_or Martin bandage will be followed by dilatation of
the capillaries of the peripheral parts when the circulation is
allowed to return. So, also, blanching will occur in a limb whose
larger arteries are occluded on mere elevation sixty to ninety
degrees above the horizontal. ¥Vhen such a limb is then depressed
to the pendant position, a similar induced or feactionary rubor
will become manifest., This well-known manifesgtation may be invoked
in the examination of cases in which impaired circulstion due to
arterial occlusion is suspected. "It is found particularly useful
in thrombo-angiitis obliterans, slthough also demonstrable in other
cases of organic vascular disease. In early cases, it is especially
valuable, for it may be present long before the chronic condition of

rubor or erythromelia develops.® (5)
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During the history of our knowledge of the disease, certain
tests have been devised, based upon color changes in affected parts.
Samuels (15), in 1929, reporting on "plantar ischemia, gave a
resume of these tests. Oehler, in 1207, had noticed blanching of
the hand produced by rapid opening and closing of the fingers in
zn obscure neuro-circulatory affection of the upper extremities,
Parkes~teber, in 1908, applied this maneuvre to the feet in cases
of thrombo-angiitis obliterans and observed that when the feet were
kept in the dependent position until the characteristic redness
appeared, and then a rapid flexion and extension carried out, the
redness would be replaced by a temporary pallor, Samuels, in 1929,
modified this procedure and described the technic in the test he
called "plantar ischemia:

"The patient lies on his back with feet in the vertical
pogition. He is then instructed to carry out a rapid flexion and
extension of both feet at the ankle joints. The observer keeps
careful watch of the soles of both feet., If there is arterial
occlusion, there soon becomes manifest a definite pallor of the
sole of the affected extremity. If the occlusion is extensive, the
pallor is complete, producing a cadaveric appearance in the affected
sole, If the opposite limb happens to be normal, the marked contrast
betwesn its pinkish sole and the pale sole of the diseased leg is
easily evident. If the arterial obstruction is not very extensive,

as in an esarly case, the pallor will have an uneven distribubtion
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and will usually be seen in the big toe alone or at the bases of
all the toes, or it may show as a diffuse mottling of the sole,
réadily distinguishable from the diffuse pink of the normel foot.
This pallor is produced, I believe, by the double action of gravity
plus the squeezing action of the muscles of the legs, which depletes
the foot of the little blood it contzins, I must repeat that this
test is exquisitely sensitive and should be used in every suspected
case of arterial disease,"

The same year, Allen discussed the diagnosis of chronic
occlugive arterial lesions distal to the wrist. He reported (16)
on twe tests he had found valuable. The first concerns itself with
ocelusion of radial or ulnar arteries. The technic is, essentiall :
The patient clenches both hands tightly for one minute to drive the
blood cut of the hand -~ the examiner compresses(digitally}ﬁhe radial
arteries of both wrists. The patient opens the hands and the color
of the palmar surfaces is observed. Ulnar occlusion will be indi-
cated in delayed return of color in the affected hand. BRepeat for
the radisl artery by compressing the ulnar arteries,

Allen tested for the digital circulation with his so-called
"stroke" test. The suspected digit is stroked heavily (ironing out
the normel color). In individuale with obstruction‘of the digital
arteries, the pallor is maivtained for a prolonged pericd., The test
is best carried oubt with the handsyelevated. The same result is
observed after compressing the digit for five seconds between the

examiner's thumb and index finger.
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Visible skin changes, symptomatic of a more advanced
degree of circulatory impairment, occur in the form of fissures,}
ulcers, and gangrene., Figsures (essentially linear ulcers)
de&elop after a variable period (months or vesrs). The common
sites, according to Jabloms (8), are the plantar surfaces.of the
toes in the skin folds corresponding to the inter-phalangeal
articulatiocns, in the "web" between the toes, and at the base of
the toes., Fissures are very peinful and are seen to be of varying
depth - in some cases golng down as much as half an ineh. Two
factors seem involved in the producticn of fissures: (a) Devital-
ization of tissues due to impaired circulation and (b) the exciting
action of maceration (fluid.usad in local therapy and sweating) and
friction or other forms of trauma. Fissures often give rise to the
common variety of ulcer, The common sites for ulcers are the inner
and outer mergins of the big toe adjacent to the nail, the outer
aspect of the little toe, the middle of the second toe. The ulcers
are characteristically irregular in shape, punched-out with over-
hanging edges, and giving little or no secretion. They usually extend
down to the superficisl fascis but mey, in certain cases, go down
as far as the bone.

Gangrene is the practical end of the pathological rozd in
occlusive arterial disease. It may occur spontaneously or be pre-
ceded by fissure and/or ulcer. The big toe is the most frequent

site, although it may be seen in any toe or on any portion of the
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foot. It is rare, however, for the area of gangrene to extend
prozimsl to the annulsr ligament. Jabloms (8) reported that
superficial gangrene of the skin and subcutaneous tissue often
occurs, affecting, usually, the tissue over the anteriocr part of
the leg. Semuels (Therapy 51) gave a summary of the clinical con-
cept of gangrene., He stressed the fact that not every case of
thrombo-angiitis oblitersns terminates in gangrene. It must be
reslized that, hand in hand with the pathological process, there
rroceeds the development of a collatersl circulation, so that ex-
tensive occlusicn may exist without the necessary occurrence of
gangrene. As long as the balance between obliteration and the
development of coilateral circulation is ' meintained, gangrene will
not set in. However, should the balance be swayed against the
development of collateral circulation (occlusion of sudden nature,
continuance of smoking,yfrost~bite, etc.), gangrene will set in.

It is important to realize that the pathologicsal process of occlu-~
give arteriél disease tends to be one of self-limitation. When the
arterisl circulation becomes insufficient to maintain the viability
of the part, tissue death sets in, and is signalled by the pain of
impending gangrene. With the development of gangrene, the pain
leaves the site and is localized at the line of demarcation. How-
ever, should infection occur, the tissue becomes swollen, lique-
faction necrogis sets in, possibly giving an ascending lymphangitis

which is followed by extension of the gangrene.
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Palpation:

In this form of physical diagnosis, two genersl findings
are avallable that point to occlusive arterial disease, These are
coldnese and absence of normal pulses,

Coldness, or abnormal lack of heat, would be expected in
conditicns a prime feature of which is circulatory impasirment.
Again, as it would be logical to believe, the degree of coldness
varies in diract ratic to the extent of involvement of the circu-
lation. Coldnéss is most apt to be noted in the most peripheral
portions, such that the tips of the toes and fingers sre especially
to be observed. Many cases will demonstrate coldness that is
apparent to the palpating hand, but there are cases in which the
involvement is not sufficiently great to produce change that is
noted by the relatively crude temperature sense of the hand. To
assist the human senses, mechanical devices have beén produced .
Probably the most sensitive of these is the so-called "Dermotherm"
(Tycos),?thermocouple arrangement which electrically compares the
skin temperature against a given constant temperzture (furnished by
water in a Dewar flask - "thermos" bottle). This device is valuable
in the determination of skin temperatures, especially in certain
technics devoted to the problem of ascertaining the element of vaso-
spasm {discussed below). However, inasmuch as this instrument
represents an expenditure in the neighborhood of two hundred dollars

and is quite specialized in its applicabion, it is seldom found out-




side of well-eguipped clinics. The practitioner finds available

a mercury thermometer that may be adapted to skin temperature
determination {attachments to insure constant, even contact with
the skin). This type of thermometer is much less costly, and, for
prectical purposes,is quite satisfactory.

The figures for skin temperatures vary somewhat among the
various workers, but the normel remge is generally accepted as twenty-
nine to thirty-five degrees Centigrade. It should be mentioned that
the skin temperature veries according to the site on the body sur-
face measured. Temperatures of less than twenty-nine degrees Centi-
grade are conceded to be indicative of abnormsl lack of heat., It is
understood that certain conditions are to be observed in the deter-
mination of skin temperatures. ZEssentlally, they involve a room
the temperature of which is relatively constsnt at about seventy
degrees Fehrenheit (no draftsl); the part observed is exposed to
the room temperature for about twenty minutes before readings are
taken., More detailed conditions are outlined below under "Therapy",
in relation to work involving the selection of cases for sympathec-
tomy . |

The second finding discernible by palpation concerns the per-
ception of periphersl pulses, HNormally, the palpable pulses dis-
cerned are the dorsslis pedis, posterior tibial, radial, ulnar (to
some extent),the femoral, and, in patients not presenting obesity
or edema, the popliteal. A word seems appropriate regarding the

technic of palpating arterial pulsations. The dorsslis pedis is
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usually palpated bebtween the heads of the first and second meta-
tarsals, This pulse is quite superficial and may easlly be ob-
literated by undue pressure in palpation. It not infrequently
pursues sn aberrant course, and so it is wise to palpate across
the dorsum of the foot. The posterior tibial is palpated about

one inch behind snd above the internsl mallcolus. If present it is
usually easily perceptible. The radial and ulnar pulses are ob-
tained in the usuel menner, The femoral pulise is felt in the fem-
orzl triangle, just beneath the inguinal ligament, about mid-way
betwean the puble crest snd the anterior superior ilisr spine;
pulsations are quite essily palpable when present. Pslpation of
the popliteal artery mey offer scme difficuldy. It is important
to have the patient in the correct position. The patient lies
prone and the hamstring tendons are relaxed, This last point is
gquite important and failure to appreciate it may well result in the
missing of a pulse that is present. The hamstring tendons are re-
laxed by holding the leg and telling the patient to leave it alone,
"let it fall", Relaxation of the tendons is verified by palpation
at the borders of the popliteal fossa. The palpating finger tips
sre then pressed steadily into the center of the fossa. Pulsations,
when present, are perceptible afﬁer a few seconds' interval, One
must be sure, in palpating pulses, to support his hand below the
wrist, if possible, else sensitivity is bound to suffer when the

weight of the whole arm sbove rests upon the fingers. Thus, when
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palpating the dorsalis pedis, posterior tibial, radial, and ulnar,
the observer rests his hand upon the ankle or wrist by letting the
interval between the thumb and index finger supportkhis hand upon
the patient's respective joint, while employing the tips of the three
middle fingers in palpation. One must be careful lest he perceive
his own pulse and attribute it to the patient. This may be avoided
by timing his own and known pulses in the patient or by touching the
fingers of the free hand to z hard surface and comparing his pulse
so obtained with the one he thinks is felt in the patient, These
remarks on the palpation of pulses may seem unduly elementary, but
they are presented because of their apparent importance,

In the original description of the disease, Buerger pointed
out the prime importance of absent pulses in the disgnosis of oceclu~
sive arterial disease; this point has been pointed out, corroboratéd,
and stressed universally by subsequent workers. The mechsnism of
the suppresicn of pulses seems fairly clear when one considers the
pathology of occlusive arterial diseases. In all, the obliteration
of the vascular lumen stops the passage of the pulsating blood flow,
additionally, perivascular reaction, especially in thrombo-sngiitis
obliterans, mey bind the vessel tightly. However, the palpation of
pulses does not furnish absolutely impeccable information., Pulses
may actually exist bubt be not perceptible —- this is seen particularly
in the cases of the dorsslis pedis (a2 certain percentage are "morm-

ally" unpalpable - Feich 30}. ! and the popliteal. Again, cases may
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be encountered in which involved arteries give pulsations. This
condition, not common, was pointed out by Buerger (5) and by Allen

and Brown (12.).

Ogsciilometer:

Here sgain, a mechanical aid is available to extend the
limits presented by human eenses. The oscillometer, a device for
the detection and measurement of arterial pulsation, was devised by
Pachon‘in the beginning of the second decade of this century. In
1914, Metas (3 ), reviewing diagnostic methods of that time, mentioned
it as being too young to be evaluated. It was used to some degree
for years by French workers, but it was nol until 1927 that it was
to any extent taken up in the United States. In 1927, Samuels (10)
caelled sattention to it and advised general application of its uses.

The oscillometer consists essentially of a closed air-
pressure system that registers changed pressure produced within the
system by arterisl pulsation communicated to a pneumatic cuff placed
around the part. A bulb hand-pump inflates the cuff to any desired
pressure which is resd from a disl connected with the system., Also
connected with the system is a rigid, hermetically-sesled metallic
box containing an anaeroid capsule. 4n escape valve permits the
release of pressure, and a cut-off arrangement allows isolation_of
the cuff-anseroid system from the hand pump-pressure-dial system.
VWhen this is performed, the rhythmic variztions in the volume of

the segment of the limb under any desired pressure are transmitted
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only to the anasercid capsule (not to the cut-off) which, in turn,
transmite its varistions to a visible needls.

The escillometric index, as given by the ampiitude of the
excursions of the needle, is a measure of the cardiac impulse and
conforms to the toal pulse of the segment of the limb under investi;
gation. Figures for the oscillometric index, obtained from a large
series of normsls, furnished standards; deviation from these implies

circulatory impairment.

Upper Extremity: Lower Extremity:

Upper &rm: 4 .20 Thighs 4~ 16
Elbow: 2 -12 Upper third of leg: 3 ~12
Wrist: 1 -10 Ankles 1-10
Palm: Very faint -2 Tarsal: Less than 0.5 - 2

Semuels pointed out that the use of the oscillometer has
definite advantages over palpation:

(1) It permits the perception of very small
pulsationg that would escape palpation.

(2) Purnishes measurement of the pulse at areas
where arterial pulsation is not accessible
to palpation (middle of leg, etc.).
(3) Minute changes in amplitude of oscillaticn
can be numerically studied and recorded for
comparative quantitative messurement.
While these advantages are quite definite, the instrument
is not an ideal aid, It cannolt measure the non-pulsatile, seeping
blood flow that may permit advanced cases of thrombo-angiitis ob-

literans to continue without signs of gangrene. A4gain, it cannot

select any one vessel for study - an advantage retained by palpation.
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Clinical value in the fields of differential diagnosis
and prognosis is claimed for the oscillometer, Further discussion
will be found below in & consideration of these phases.

Recently, a preliminary report was given which may provide
snother mechsnical aid for the determinatiecn of pulsations in 2
suspected lower extremity. In 1935, Bernheim (32 ) presented his
beginning work on a graphic method of interpreting vascular disease
of the legs. Essentially, this method depends upon the fact that
when the normal individuasl sits with legs crossed, thefe is an
almost invisible swing of the foot that is synchronous with the
heart beat. The author sttenpted no explanation for the phenomenon
but tried to employ it by recording it upon a smoked drum (Kymograph).
A simple technic was used; a recording rod, tipped with a peinted
bit of photographic film,was atitached to the shoe and placed in con-
tact with a2 drum revolving at constant speed, Bernheim found normal
tracings to show a dicrotic wave, and corresponded closely to radial
artery tracings. In patients with vascular disease of the legs,
the swing was much less than normal or entirely absent, depending
upon the extent of popliteal artery involvement and the status of
the collateral circulation. A tremor, found in normals, was much
nore prominent in the diseased. This mebthod may furnish a valuable
index to ecirculatory state, progress, and prognosis; but inasmuch
as no further study is available beyond the preliminary report,

evaluation must be suspended.
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Arteriography:

Roentgenology, in spite of its comparative youth, has
already been investigated from a view of being an =id in the
study of peripheral vascular disease. Fdwards (87}, gave a com-
prehensive history of vasography, which study has centered mainly
aboult the quest for satisfactory medisa.

Trendelenburg, in 1902, was the first to describe an opaque
substance within the circulation, His patient had been shot in the
heart; on X-Fay the shot could be seen, moving to and fro with the
moving blood. In 1803, Riethus described the X-Ray appearance of
foreign bodies intwoduced into the hearts of dogs via the jugular
vein, The first experiments: with a liquid medium were performed
by Franck and Alwens, in dogs and rabbits; bismuth in oll was the
medium used and which was soon discarded because of the danger of
embolisn,

The earliest good vasograms in humans were secured by Bebber-

ieh and Hirsch who used ten to twenbty per cent of strontium bromide,

K’

1924, Brooks obtained good resulis with sodium iodide (50% solu~
tion}; this medium, however, was found to be too irritating. Lipio-
dol was next tried, but,as may be expected, was soon abandoned
because of the danger of embolism; it had, also, the disadvantage

of being too viscid to be introduced quickly through a fine gauge

neadle. These disadvantages were overcome, to some exbent, by

emulsifying the lipiedol. In 1930, Saito et al (17) reported on




the use of this emulsion ("Protalbin-albuminic acid", lecithin
and glucose). They uzed as much as 20 c¢.cz. without i1l effect.
Eawards (27, reported, "This type of medium remains as one
deserving further use and observation."

Thorolmst (25% aqueous solution of{thcrium dioxide with a
colloidal carbohydrate) was introduced by Radt in 1930, Edwards
concluded that, although it is the most opaque of media,it "com-
prises a menace of unknown proportion” due to the radio-activity
of the thorium held in a more or less permanent combination
throughout the reticulo-endothelial system, Blumgarit, of Boston,
in @ personzl communicztion to Edwards summed it up, "Don't use
it (Thordxast) if your patient is not going to be dead of éome
other cause in less than a year." More will be heard in relation
to this medivm from the studies of Allen and Camp.

Edwards (273, gave full approval of "Skiodan" (called
"Abrodil!' in Burope), which is a mono-iodo-methane of iodine in
firm combination. A4 40% solution ié sterile and stable, casts a

B3

good shadow, is freely miscible with blood, easily injected, and

caused only mild discomfort. It is almost entirely excreted by the

kidneys in two hours and its lack of general toxicity was proved by

Heathcote and Gardner in 1831." This was corroborated by the work

of J. Schuller and of Frey and Zwerg. Pesrse and Warven, in 1931,

subjected Skiodan to a rigorwous test. They filled emptied portions

of arteries in dogs with a fifty psr cent solution and allowed it
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et undiluted for one to five minutes hefore removing the
oceluding clamps. On exemination one to two days later, the vessels
were free of any discernible damage. FEdwards himself used Skiodan
and found it very satisfactory in view of good visualization and
freedom from deleterious action, even when injected outside the
artery.

Allen and Camp did not share Edwards'! condemnation of
Thorotmst. In 1954 (£9) they reported on its use and noted that
they had observed no bad resulis at the end of thres and one-half
years, In 1935 (31) they reiterated the value of this medium., They
found it the ideal arteriographic substance and, "The immedizate
toxic effect of small amounts appear to be mild, of little import-
ance, and of rare occurrence ..... the possibility of eventual harm
due to radio-activity can best be summarized as 'suspected but not
proved'.' They guoted Erickason and Rigler azs having observed no ill-
effects in the use of thorotrast in visualisation of the liver and
gpleen.

The technic, as given by Allen and Camp,follows:

"The patient lies on the roentgenographic table with
the film under his outstretched supinated arm. An
ordinary sphygmomanometer duff is wrapped aboutbt the

arm as nesr the shoulder ss possible. Under aseptic
conditions, the skin and tissues around the brachial
artery, just above the lacertus fibrosus, are anesthet-
ized with 1 or 2 c.c. of 0.5% procaine, Radiopaque
solution is injected into the brachial artery while

the cuff compresses the arm well above the systolic

pressure. The first roentgenogram is made. The cuff
is quickly deflated to the level of the diastolic




pressure for two to four beats, to permit the
material to be carried distally. The cuff is
reinflated to its previous pressure and the second
roenbgenogram is made. The procedure is repeated
for a third film, Additional films may be made
with the arm in pronation or in the lateral posi-
tion. The ouff is removed and with a gauze sponge
firm pressure is made over the point of puncture
for a few minutes. Essentially the same procedure
iz employed in the case of the lower exbremity,
except that digital oressure replaces the cuff and
the femoral artery is entered near the base of the
femoral trisngle."

Points to be observed in the intervretation of arteriogranms

are (Allen and Camp):

(1) Congenlfal variations from the usual formation
T the vascular system,

(2) Alterations in the lumina of the arteries, con-
sisting of irregularities in contour, diminution:
of caliber, and complete occlusion.

(3) Presence or absence of = collateral circulation;
its situvation and extent,

The Normal Arteriogram

{1} Smooth and uninterrupted contour of the lumina
of the injected arteries.

(2) Direct course of these vessels.
(3) Presence of no more than a minimum of collateral

circulation,

(4) Spasm is characterized by smocth diminution in
caliber to a point of complete or almost complete
obliteration, and an increase in size up to
normal. This appearance may vary or disappear in
subsequent films,

6l.
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Thrombo-angiitis obliterans Arteriogram

(1) Primery Phase:

Change in the contour of a segment of an
artery - instead of being smooth, the contour
is irrvegular and the lumen varies in size;
filling defects ere ususlly rounded in centour,

(2) Secondary Phase

The shadow is shaggy and moth-saten in appear-
ance; the lumen is greatly reducecd in size and
pursues an irrvegular, ever-changing course; the
channel may be divided in places as an island
divides a strean,
(3} Final Phase

Complete occlusion; the point of occlusion is
not abrupt, as if the artery had been ligated

or sectioned, but rounded, with the convexity
toward the occluded portion.

Collateral Arteries: The size, number, and course
of these vessels is remarkable,
Further reference will be made to arteriography in the

congideration of differentisl diagnosis.

DIAGNOSIS

The typrical clear-cut case of thrombo-angiitis obliterans
presents 3 characteristic and more or less unmistakeable picture:
The patlent, a heavy smoker, usually a man in his twenties, thirties
or early forties, complains of pain in the cslf of one leg or in
one leg more than the other, This pain is of the nature of a cramp,

provoked by walking and relieved by resting for a few minutes. The

62,
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pain comes on after a falirly constant distance and may be associated
with a sensation of coldness, The patient tells of noticing that
his leg is red when it hangs down and becomes pale when held up in
the air., There may or may not be a story indiecstive of superficial
phlebitis., Physical examination will show the characteristic color
changes and an angle of circulatory sufficiency indicative of oceclu~
sive arterial disease. Palpation will show absence of any or all of
rulses
thoseirelative to the dorsalis pedis (especially), posterior tibial,
and popiiteal arterises, and the involved foolb will feesl colder than
its opposite fellow. Skin temperature readings will bear oul palpa-
tion and deviations from the normal will be present in the resulis
of oscillometry and arteriography. At later stages, there will be
seen trophic changes indicative of circulatory impairment: decreased
nail growth, fissures, ulcers, and finally gangrene., The later stages
are characterized by the constanit, burning, tormenting "rest pain"
that has no relation to exercise and is so severe as to often be un-
relieved by morphia.

Unfortunately, all cases aren't such clear-cut unmistakeable
syndromes., Any combination of signs and symptoms may occur, and the
sequence of thelr appearance may vary with apparently inexplicable
lack of order, This is believed to be due to the fact thst, while
the occlusive process goes on, there proceeds concomitantly the
development of s collateral circulation., Various factors mey affect
the maintenance of eirculatory balance; this had been pointed out in

the discussion of gangrene (above). Buerger pointed out that cases
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tend to fall into twelve clinical types. These are named in a
manner quite characteristic of the syndrome presented by history
and findings:

Type L. The slowly progressive.

Type II. The non-progressive.

Type I1I. The early compensated,

Type IV, The acute fulminating,

Type V. Gangrene without pain.

Iype VI. With venous involvement only.

Type VII., With pulsating pedal arteries.

Type IZ., With associated arteriosclerosis.

Iype X. Without symptoms,

Type XI. With sudden wvascular oecclusion.

Type X1I, With severe rest pain without trophic changes,

Differential Diagnosis:

The diagnosis of thrombo-angiitis oblitersns requires
differentiation fram other circulatory disturbances of the limbs.
These tend to fall into two main groups, depending upon whether the
pathology is of an organic or a functional basis. Brown and Hender-

son (11) offer a comprehensive classification in the Table:
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Multiple-phase
color reaction;
Raynaud's Gisease.

One phase color reaction;
acrocyanosis, dead finger,
lecal syncope.

Erythromelalgia

Primary or essential
hyvertension,
early stages.

Primery or essentisal
hypertension.

1. Arteriosclerosis, with or without
thrombosis; diabetic gangrene.,

2. Thrombo-angiitis obliterans,

3. Simple thrombosis or embolism.

4, Arteritis of known infectious origin
(rheumatic, luetic).

5, Aneurysm.with or without thrombosis.

Arteriosclerosis

1. Primary.

2. Secondary to hypertension.
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Raynaud's disease is a vasomotor disturbance that occurs
typically in women (ninety-five per cent), in ths age range,
generally, of seventeen to thirty-five, and characterized by attacks
of bilateral local cyanosis that do not often result in gangrene.
Severe osseous change (2bsorption of phalanges) is frequently seen.
Inasmuch as this is a purely vasomotor disturbance, pulsations are
always present in the arteries of the involved limbs; the upper
extremities are most subject to the disturbance. The functional
vasomotor element can be demonstrated by subjecting the limbs to
the effects of reflex vasodilation. The simplest method is that
of Landis and Gibbon(26-A)in which the opposite limbsiare. immersed
in warm water (about forty-five degrees Centigrade for twenty minutes).
After this, the skin temperature of the affected limb, previously
determined, is found to be increased. Other tests involve the uge
of the oscillometer, Bébiﬂski and Heitz (quoted in 10)) claimed to
differentiate between occlusive and functional arterisl disease by
immersing the limb in a warm bath for ten minutes and finding a marked
increase in ceses of wvasomosor spasm butb npt in occlusive disease,
This technic nor the following one have received apprecizble mention
in the literature. The second oscillometric method concerns the work
of D'Elsmitz and Cornil {quoted in 10),, who employed a tourniguet
about the limb for about five minutes. On release of the tourniquet
a marked increase in the oscillometric index was observed in vaso~‘
motor cases but not inkocclusive.

A method gquite generally accepted to demonsiralte vasomotor
spasm involves novocaine injection of the posterior itibial nerve as it
passes behind the internal malleolus. The sgkin bemperature is measured
before, and at given intervals after the injection. Increassd tempera-

ture after the thus-obitalined release from sympathetic control indicates
the presencs of vasomotor spasm.
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Radiologic study show absorption of the terminal phalanges

~to be a rather frequent occurrence in Raynaud's disease; this is

rare in thrombo-angiitis obliterans,

Erythromelalgia is & rare clinical syndrome having its
basis in a functional vasodilatation and characterized by paroxys-
mal attacks of pain and redness in the distal parts of the feet
and more rarely the hands. It is differentiated by thrombo-
angiitis obliterans by the fact that\it always demonstrates open
arterial pulses, is relieved by cold and elevation (which aggravate
thrombo-angiitis obliterans) and rarely shows trophic changes.

In the fumctional disturbances listed as "essential hyper-
tension’, dependence is said needed upon the hypertension and the
presence of palpable pulses. It must be pointed out that either
or both these conditions may be found in thrombo-angiitis obliterans,
The functional nature of these disturbances must be demonstrated,
but even this does not furnish absolute differentiation since a
vasospastic element exists in thirty per cent of cases of thrombo-
angiitis obliterans (Allen & Brown,10-4),

Arteriosclerosis is the condition most frequentiy requiring
differentiation from thrombo-sngiitis obliterans. This mey be some-
what difficult inasmuch as both diseases share of an organic occlu-
sion, Thrombo-angiitis oblitersns occurs in younger individuals in
whom the "wis a tergo" and the cardiac power are adequate for

compensation and in whom the vascular adaptability is elastic in its
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scope. In arteriosclerotic disease, the clinical course is
typically milder than in thrombo-angiitis obliterans. TWhen gangrene
develops in arteriosclerotic disease the rest .~ . pain is less
gevere and the progress is usually slower and more benign than in
thrombo-engiitis obliterans. (Brown and Henderson,¥l). The presence
£ diabetes mellibus points to the diagnosis of arteriosclerosis,
Rudiology may be of possible aid in the demonstration of calcified
arteries; arteriographic technic may furnish aid, but srgument is
not possible, as yet, regafding the differential findings. The

characteristics of the arteriogram in thrombo-angiitis obliterans

1

were described above in the section on arteriography. Edwards (BI)
reported on the arteriographic comparison of thrombo-angiitis ob-

literans and arteriosclerosis:

Thrombo-angiitis obliterans Arteriosclerosis

(1) No eccentric filling (1) Above the site of abrupt
defeats above the site occlusioh there are multiple,
of abrupt occlusion. irregular, eccentric filling

\ defects in the lumen.
(2) Arteries are less tortuous.

{2) Arteries are more tortuous.
(3) Fewer collabteral ariteries.

O~

3} More collateral arteries,
Zdwards pointed out that previous workers had found richer collateral
circulation in thrombo-angiitis obliterans than in arteriosclerosis,
This seemed reasonzble, the author pointed out, on the basis that
amputated limbs had been used, rather than those of living patients.
The suthor conoludsed that the formation of collateral circulation

depended upon the duration of the respective processes. On the whole,
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arteriography is a very young study and, as yet, furnishes no
definite aid, except in obscure cases where the usual, less compli-
cated methods seem inacdequate.

In many instences, the diagnosis of arteriocsclerosis is
made on the age of the patient. It had been pointed out in "Eticlogy"
that at the Mount Sinai (New York) Clinic, when all other factors
are equal, those cases below forty-five years of age are considered
thrombo-angiitis obliterans, while those above that age are classified
as arteriosclerosis — repeating, to be sure, in the sense of a work-
ing diegnosis.

In those cases of occlusive arteriasl disease due to arteritis
of kmown infectious origin, such as rheumatic fever, syphilis, etc.,
the disgnosis i# made upon the history and/or demcnstrable evidence
of the indicated infection.

Simple thrombosis or embolism mey cause occlugive arterisl
disease. The diagnosis is here made upon the history of causative
factors.

Essentially, then, the dlagnosis of thrombo-angiitis obliterans
is made‘upon:

() History:

The age, sex, and possibly, the race of the
patient (Jewish in twenty-eight per cent);
the characteristic symptomatology, notable
among which is: Intermititent claudication,
subjective coldness, the rest pain, aggrava-

tion of symptoms by cold, elevation, snd
exercise,
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{(b) Findings:

The characteristic color changes of red-
ness in the dependent position, pallor
on elevation, evidence of trophic change,
absence cf osseous change, objeciive
coldness.

The absence of pulsations is vzluable
only when found; when pulsations are
present, the significance is equivocal -
due to the fact that certain cases of
thrombo-angiitis obliterans show srterisl
pulsstion - so that the diagnosis must be
made on the basls of the history and
presence of trovhic changes,

Osciliometric and arteriographic technics
may afford useful aid,

4 tabular exposition of the differential disgnosis of the

two most important conditions is appended.

COMMON DIAGNOSTIC FRRORS

"Flat Feet'!:

This is probably the commonest diagnostic error, especially
when the patient complains of pain in the arches. A moment's con-~
siderstion shbws it can be easily ruled out. In flat feet, the
pain in the arches is not relieved by standing still (not walking),
while in thrombo-angiitis obliterans, the psin will characteristi-

cally leave. Temperature changes, postural color changes and
decreased arterial pulses are characteristic of thrombo-angiitis
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obliterans and not found in flat feet, Arch supports give no
relief in thrombo-angiitis obliterans; the water foot-print test
may be of velue, The latter should not be too heavily relied
upon, however, for many thrombo-angiitis obliterans patients

(as well as the general population) may present positive tests
yet not be troubled by flat feet.

"Rheumatism" and arthritis are often wrongly considered.
The correct disgnosis is ascertained when it is seen that the
temperature and postural color changes, as well as arterial
pulsations - which show abnormality in thrombo-angiitis obliterans -
are normal in the given conditions.

Abnormal or excessive fatigue in the extremities is fre-~
quently ignored, or considered part of a general fatigue state.

It is important to observe variation in the degree of fatigue in
the extremities, as well as coldness, color changes, decreased
arterial pulsations, et cetersa.

Fiﬁaily, rubor and rest pain are frequently considered to
indicate deep infections of the toes and/or foot, ingrown toe-nails,
et cetera, It is very important to avoid this error, for it fre-
quently leads to deep ineision which, in the devitalized tissue of
thrombo-angiitis obliterans, may well initiate serious gangrene.
The diagnosis is easy, usually, and entails little more than Quest

for the indicated cardinal points.
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DIFFERENTIAL DIAGNOSIS OF PERIPHERAL, VASCULAR DISEASES (11)

(Modified from Brown and Allen, Buerger and Silbert)

SEX

RACE

REST PAIN

INTERMITTENT

CLAUDICATION

GENERAL
APPEARANCE

UPPER
EXTREMITIES
POSTURAL
CHANGES
EDEMA

ARTERIES

VEINS

ROENTGEN-
JOCGRAMS

Thrombo-angliitis
obliterans

€hiefly between thirty
and fifty years; aver-
age forty-two years.

Males about ninety-
eight per cent.

Jews about twenty-sight
per cent.

Often very severe.

Usually present.

Often younger than age.
Frequently involved.

Rubor when dependent.
Pallor when elevated.
Frequent.

Pulseless or of diminished

volume. Coronary scler-
osls rare.

Frequently involved.
Often migrating phlebitis.

Usually negative.
Aorta normal,

Arteriosclerosis

Chiefly after mid-
life,

Males predominate.
May be either sex.

Any .

Usually mild.

Usually present.
Often older than age.
Seldom involved,
Rubor when dependent.
Pallor when elevated.
Uncommon,

Pulseless or or di-
minished volume.
Coronary sclercsis
freguent.

Rarely involved,.
Frequently calcifi-
cation of vessels.

Possible elongation
of aorta.

Raymaud's
Disease

Chiefly between
seventeen and
thirty-five
3rearSo

Female ninety-
five per cent.
Any.

Usually absent.
Absent.

Normal.
Frequently
involved.

Absent,

Absent.

Normal

Hormal.

Normal
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THERAPY

The therapy of thrombo-angiitis obliterans is exceedingly
interesting -~ not only in view of the pragmatic importance of
therapy generally, but also because its study provides an absorbing
attempt to thread a maze set up by the trails of many investigators
in their efforts to treat a disease of which the etiology is unknown.
It is necessary,before embarking on a study of therapy in
thrombo-angiitis obliterans to point out that, inasmuch as the
etiology is still unknown, efforts to treat the disease remain on
symptomatic and empiric bases. The modern chemist has a better chance,
perhaps, to succeed in transmuting metals than his ancestor-alchemist -
due, admittedly, to his better and more complete understanding of the
nature of matter. It is hardly too presumptious to believe that an
analogous situation exists in the field of therapeutics - and specific-
ally, in the present instance. The various forms of therapy will be

discussed under two main headings, medical and surgical:

A. MEDICAL THERAPY

1. Prophvlactic Treatment

Inasmuch as the basic etiology of the disease is as yet uninowm,

experience has demonstrated the existence of predisposing forces of

greater or lesser importance. Although it is difficult or impossible
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to prognogticabe exactly the susceptiﬁility in any given case,
Buerger (15) points out that, "In all susceptible individuals.....
all the usual stresses of mechanical nature that produce arterial
inferiority (excessive exercise, exposure, certain foods, tobacco,
etc.) must be avoided." Buergér points out, also, but on more solid
ground, that, as soon as the signs of arterial disease are diagnosed,
great stress should be laid upon the importance of diminishing the
functional demands on the local circulation. OSuch agenciles that are
likely to disturb the fine balance between the tissue requirements
and the "permanently defective circulation', such as prolonged stand-
ing, walking, compressing forces that produce local anemia, such as
tight shoes, garters, mechanical insults,-should be scrupulously
avoided., It is very important to protect the affected part from the
effect of cold, inasmuch as a vasoconsiriction may add greatly to
the severity in a given case; many cases, especially in the Middle
West, seem to be initisted by a case of "frost-bite", (It is wise
to visualize the role of the intimal damage in the latier condition.)
Woolen stockings are employed advantaggously in the prevention of

trauma and exposure to cold.

2. The Interdiction of Tobacco

The interdiction of the use of tobacco cen be-hardly over-
emphasized. ©Since early in the history of the disease, its well-nigh
invariable association has been repeatedly observed; the reader is

referred to the section on Etiology for a resume of the effect of




tobacco upon the blood vascular system. As it would be reasonable
to expect, the necessity‘for the interdiction of tobacco in the
treatment of thrombo-angiitis obliterans has been.frequently pointed
out. To cite a few instances, Willy Meyer (18) in 1925, considered,
"The most important therapeutic factor is the stern and absolute
interdiction of smoking." Samuels (41l) states unequivocally that
the use of tobacco must be stopped "immediately and completely.”

Silbert is one of the staunchest crusaders for the interdiction of

e
tobacco, and he bases his opinion on study of a large series of cases.

In 1930, he reportedthat the cessation of smoking is an essential
therapeutic measure, "Most failures can be traced to inability to
terminate the habit." In his series, fifty percent of patients who
had required amputations had continued to smoke in spite of repeated

warnings, He further report@dthat the recurrence of symptoms, after

the individual had been restored to good condition, was almost invari-

ably traceable to the resumption of smoking. He says uneguivocally:

"In only two instances,in ny experience, has a
progression of the disease taken place when the
patient was not using tobacco; in one case, an
excessive dose of typwid vaccine given intravenously
was followed by immediate closure of a previously
open popliteal artery, and in the second instance,
prolonged exposure to severe cold was followed by

& similar result,"

257 i
In 1935, we again near®from Silberf%uézd he report®his experience of
ten years with a series of five hundred and twenty-four cases, He
speké: in even stronger and more convincing terms regarding the

necessity for the interdiction of tobacco:

75,
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"In several early cases of thrombo-angiitis
obliterans, cessation of smoking without any
treatment whatsoever, has resulted in complete
disappearance of all symptoms. This regular
agsociation of the use of tobacco with the
occurrence and the progression of the disease
is too striking to be ignored.

"The importance of recognizing the relation
between the use of tobacco and the development
of thrombo-angiitis obliterans is far from
academic. In order to treat patients with this
disease successfully, they must be made to stop
smoking. It is frequently difficult to induce
patients to accept this restriction, but no
compromise can be made on this point. Cessation
of the use of tobacco is the most important part
of the treatment, as this stops the progression
of the disease. Efforts to improve the collateral
circulation..... are secondary.”

From the foregoing, the importance of tobacco and its

elimination as an integral part of therapy is strongly pointed out.

3. Administration of Fluids

This mode of therapy has an interesting history, and will be
found to comprise an important weapom in our therapeutic &rmamentarium

In 1913, Koga of Japan (quoted in 1) found that the blood
viscosity wasg increased in thrombo-asngiitis patients and thus believed
the clotting tendency to be increased. This presumably accounted for
the formation of thrombotic lesions. With this in mind, Koga, endeavor-
ing to reduce the blood viscosity, gave hypodermoclyses of saline or
Ringer's solution in thirteen cases. He is reported as having
observed benefit in each instance.

Meyer was impressed by Koga's report, and he tried it in his




o,

N

own cases, giving hypodermoclyses of SQO ¢.c. of Ringer's solution

4}

every one to three days. He reported an excellent result, ",..The
pain ceased as if by magic.h; 'the general state became excellent,
ulecerations healed, gangrene became localized." This effect was
lasting in a minority of the thirty patients treated; the others
returned for treatment and benefited thereby. HNeyer became very
enthusiasgtic and eoncluded, "I am ready to say that this treatment
deserves a permanent place among the means employed by ﬁs in trying
to combet thrombo-angiitis obliterans on 2 conservative bagis."

McArthur (4) followed Koga's method and obtazined moderate
success. He then devised a modified technic of fluid administration;
this will be discussed presently. HMeleney and Miller (1%),in their
series in China, attempted the use of intravenous therapy and reported
very little success. This report should be evaluated in the light
of the investigators! apparent preference for radical therapy (See
"Amputation”). Meyer (18) again reported good results with Koga's
technic. He used twelve quarts (!} of Ringer's per daily hypodermo-
clysis in hospitalized patients, with periodic injections for a year
after the patient had left the hospitsl.

McArthur (4) attempted a modification of Koga's technic; he
gave Locke's solution per duodenum, He explained his preference bys
(1) no local reaction,(2) no difficulty of absorption, (3) a greater
volume of fluid could be given, (4) Locke's is a more physiological
solution. This method found no appreciable support.

Meyer (1) gave his owm modification of Koga's technic. This
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concerned the repeated intravenous’injection of sodium citrate as

a two percent agueous solution. Sodium citrate was usgd in view of
its use in-émeventing clotting in indirect transfusions; it was
reasoned that it should also prevent intravascular clotting. The
results of this modification were favorable at the time, but not
conclusive. Ginsburg (5) did not have very satisfactory experience
with this method. Steel (9) used this method, giving it to cases
over a period of one year, and reported very favorable results. He
28 very definite and unequivocal in his praise.

In 1928, Silbert published a preliminary repor%ﬁ%; the results
of intravenous injection of hypertonic salt solution. He gave two
reasons for the use of sodium chloride rather than any of the previous
solutions:

(a) It is the salt to which the body is "accustomed",

(b) Large quantity (15 grams) can be given without
the danger of toxicity.

Silbert gave sodium chloride as a five percent solution in
sterile distilled water —- 180 c.c. the first injection, and 300 c.c.
for all subsequent injections. "Injections are at first given thrice
weekly, later twice weekly —— the length of intérval is further |
increased as the patient improves. The administration of hypertonic
salt solution produces a certain amount of blcod destruction, but,
since the majority of thrombo-angiitis obliterans patients have a
high hemoglobin snd red cell count, a2 slight blood destruction is of
no serious consequence.” No symptoms of anemia were seen, even when

treatment had been given for a long time., By the same token, no renal

78.
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or cardiac damege was perceived. In a series of sixty-six cases,
improvement was obtained in forty-six; unimproved, or too early to
judge, fourteen cases; six cases went on to amputation. Improvement
was judged by (a) inmereased warmth (subjective) in extremities, (b)
relief of pain, (c) incressed temperature in extremities, (d) growth
of nails; healing of ulcers (e) appearance of pulsation'in previcusly
occluded or collateral vessels. In addition, the injections appeared
to render possible successful low amputation.

Silbert's method seemingly supplanted other forms of fiuid
administration; in 1929 Samuels ( ) reported that it gave the most
consistent and beneficial results of all forms of therapy to date.

He pointed out the marked lowering of the incidence of amputztions
necessary under its use.

Four years after his originsl report, Silbert reported (5%)
further experience with his method. His original results were
corroborated, and, in addition, "....(a) 87% of all patients have
either continued to work or returned to work, (b) oscillometer readings
improved in 37% of cmses, (c) amputations in his cases were between
8%and 9%, while in those cases (histories) not treated by any specisal
method ("™ntreated") the amputztion incidence during the first five
years of the disease was 684%." He concluded, "If the patient can be
saved from smputaztion during the first year of treatment, the chances
are that such a procedure will never become necessary.® Silbert
reported his method as entirely safe., Nineteen thousand injectioms
had been given without fatalities or serious reactions. Certsin contra-

indications exist: (a) age of greater than sixty years, (b) evidence
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of cardiac or renal disease, (¢) circulstory obstruction &ue to
embolism from cardiac disease or other sources.

In 1935, Silbert reported(101) the results of ten yesars!
experience with his method, with a series of five hundred and twenty-
four cases, FHis results at this time bore firﬁ corroboration of his
previous reports (22) and (46). He pointed out, "The percentsge of
amputations required serves as the best single criterion of the success
or failure of a method of treatment for thrombo-angiitis obliterans....
forty cases, or T.6% of series required’amputation, while at the Mayo
Clinic, where from 1828-1932, 21,3% required amputation (sympathectomy
is supported) et the clinic; Diez (quoted in 101 ) employing ganglion-
ectomy, had 21.8% failures.”

Néedleésto say, Koga's original concept. :: of the rationale
of fluid therapy is difficult to accept. Silbert sdmits that the
rationale is not determined, but that the treatment is empiric, He
firmly answers Brown and Allen (who say that his results are due to
some contaminant causing a non-specific foreign protein reaction) by
recording the temperatures of hospital patients. No chills or appreci-
able temperature reaction were observed, An interesting speculation
as tg?gossible mechanism of the therapeutic action of Silbert's method
is given in the following: The hypertonic solution increases the
osmatic pressure of the blood, which, in turn, causes fluid to pass
from the tissues into the blood, increasing the blood volume. The
inereased blood volume is then postulated to improve the collateral

circulation by distending the given vessels. This, it must be remembered,




is at present but an interesting hypothesis.

The value of Silbert's method may be questioned on the basis
that the literature is very meager in point of corroboration. It
must be remembered, however, that those clinics capable of presenting
large series are employed in other lines of therapeutic investigation;
witness the Mayo Clinic, where surgery of the sympathetics is being
carefully investigated, and those clinics in Cincinnatti and Phila-
delphia, in which the Pavaex treatment is being observed. It must
be admitted that favorable results in over five hundred cases cannot

be safely ignored.

4. MNethods of Application of Heat

It is more or less common knowledge that the application of
heat tends to increase local circulation; this was the ratiomale of
this form of therapy until compsaratively recently. Lately, when it
had been determined that an element of vasospasm exists in many
thrombo-angiitis obliterans patients, it was conceived that the heat,
by stimulating the parasympathetic nerve-endings, causes a release
from the sympathetic vasospesm. Additionally, it is believed that
the heat, by the same mechanism, opens up further circulatory chennels.

In the early years of the century, strenmuous measures were
employed; limbs were treated by baking with super-heated air. This
was found too heroiec, as might well be expected, inasmuch as tissue,
to a great extent devitalized, was being treated. The use of &itz
baths was then employed to administer heat. Samuels (41) reported
the current routine: Twenty to thirty minutes, several times daily,

in water heated to a comfortable témperature. He reported that the
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vasodilatetion so induced was found to be of value. As may be
expected, the use of disthernmy was attempted and found to give
favorable results., The earliest report on the use of diathermy is
found in the work of Wright (11).

A further method to provide optimum vascular petency was
submitted by Allen and Brown in the form of contrast baths (38).
This, hoéever, was frowned upon; Samuels (41) reported that the
cold phace may easily result in danger to the precariously balanced
vascular state., Allen and Brown advised also the use of carbon
filament lamps and other forms of electric light"baths'"; they justly
advocatedcaution in the employment of this measure, in view of the
danger of causing painful and recalecitrant burns in the diseassed
tissues,

It should be pointed out that heat is conbra-indicated during
the active stage of thrombo-angiitis obliterans, and its use should
be very cesutiocus in the présence of skin lesions,

In 1923, Goodman ané Gottesmé&éﬁxtro&uced the use of typhoid
vaccine in the therapy of thrombo-angiitis obliterans. They reasoned
that, since foreign proteins had given many brilliant results in the
treatment of chronic inflammatory conditions, ahd since thrombo-
angiitis obliterans appeared to be a chronic inflammatory disesse,
favorable results may be ekpedted. They obtained striking relief in
all cases treated; and, wh;le admitting that this mode of therspy was
used on an empiric basis, it definitely seemed of valuable sid. In

1925, Perla (19), who found little value in the current modes of therapy,
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admitted that typhoid vaccine injections might be of aid. In 10827,
Brown and Henderson (27) claimed that the injection of foreign
protein was valuable in the relief of the continuous type of pain,
giving favorable results in eighty percent of cases., In 1928, Allen
and Brown summarized their results in the treatment of a series of
two hundred cases. This form of therspy was given favorable comment,
The method, as then outlined, consisted of the intravenous injection
of an original dose of fifteen million. to twenty million killed
organisms; the injection was repeated four or five times at intervals
of three or four days, increasing the size of dose at each injection
by a similar number of orgsnisms. "No bad effects had been observed
in 6000 injections, After several injections, the reaction may
become attenuated, but is returned to original intensity by & 'rest!
period of 2 or 3 weeks." Allen and Brown noted a chill and increased
temperature of two to four degrees in satisfactqry cases. This
observation placed the treatment on = reasonable rstionale. It is
now believed that the basis is a general fever reaction due t%b%n—
jection of a foreign protein. The increased body temperature is
believed responsible for a vasodilatation. In the same year, Allen
and Smithwick (43) reported a series of thirteen cases in which nine

were improved. They reiterated its value and advised that its use

be combingd with that of other measures; believed "the method described

hastens the development of an adequate circulation more effiectively
than any conservative measures heretofore suggested." In discussing

this paper,Straus, of Chicago, and Allen, of Boston, confirmed the




value of the method snd urged that it be combined with the use of
intravenous fluids. The following year, Samuels reiterateé4%%e
value of this treatment ané re-stated the rationsle of general

fever reaction resulting in vasodilatation. In 1931, however,
Semuels (52), discussing the treatment of gangrene in thrombo-
angiitis obliterans, tended to reverse his stand, saying that the
action of typhoid vaccine is so short and temporary, and may be
attended by sudden large arterial occlusion. As freguently happens
in medicine, there is a wave of initial enthusiasm, and it seems that
the use 6f typhold vaccine is dropping off. Its mention in the more

recent literature is sparse.

5. Postural Exercise
Buerger suggested a routine of postural exercises and reported
(15) in 1924 that this method gave better results then any other
method for enhancing the circulation. The procedure is as follows:

"The affected limb is elevated with the patient
lying in bed, to from 60° to 90° above the hori-
zontal, being allowed to rest upon a support for
from 30 seconds to & minutes, the period of time
being the pinimum amount of time necessary to
produce blanching or ischemia., As soon as blanch-
ing is established, the patient allows the foot to
hang down over the edge of the bed for from 2 to 6§
minutes, until rukor sets in, the total time being
about 1 minute longer then that necessary to estab-
lish a good red color., The limb is then placed in
the horizontal position for about 3 to 5 minutes,
during which time an electric heating pad or hot
water bottle is applied, care being taken to prevent
the occurrence of a burn. The placing of the limb
in these three successive positions constitutes a
cycle, the duration of which is usually from 6 to
10 minutes. These cycles are repeated over a period
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of 1 hour, some 6 or 7 cycles constituting a

geance, The number of seances cannot be categoric-

ally stated, bubt should vary with the case. In a

general way, they should occupy 6 to 7 hours a day

eeses M., ..Contraindicated in extensive gangrene,

phlegmon, accompanying pain, and recent thrombosis,.”

This method found warm approbation from Allen and Brown
(32), who obtained strikingly beneficial results in their series
of two hundred cases. Samuels (58}, in 1929, accorded this method
the sitﬁaticn of "useful adjuvant", a position it continues to enjoy.

Silbert, however, does not employ it to supplement his intravenous

saline routine,

8. Passive Vascular Exercise

Recently, there has been developed a mode of therapy employing
change of atmospheric pressure in an effort to increase loeal circu-
lation., In contrast to the postural exercises, the part is maintained
at rest; thus is derived the name,"passive vascular exercise.' It is
erroneously believed by some that this form of therapy represents an
entirely new idea. The basic principle is found to stem from work
performed over a century ago. Herrmann and Reid (86) give an interest-
ing and accurate resume of the history of the ides.

Sir James Murrey, of Dublin, began to work on the idea in
1812, and published a work in 1835 pointing out that the reduction of
the pressure upon the body surface "permits the cutaneous vessels
easily to f£ill, and favors the distension, as it were, by suction,
while, at the same time, the lungs receive a column of the usual

expansive force supporting the interior trunk and organs, pressing




P

and propelling blood out from the center to the circumference,"

In 1835, Viector Junod, of Paris, described the use of negative
pressure in the treatment of various diseases under the title of
"hemospasia® and "Aerotherapeia®, In 1835, W, Peid Clanny, of
England, working independently, described an apparatus for removing
atmospheric pressure from the boly or limbs. It was not until 1887
that FEdgar Bluck, of Englsnd, applied the rhythmic altemBtion of
these pressures "to bring about an influx and efflux of blood in
the part or parts affected."

The first record of the use of the principle in the trest-
ment of orgsnic arterial disesse was published in 1917 by Sinkowitz
and Gottlieb ( 3}, who applied Bier's suction hyperemia in four
thrombo-angiitis obliterans patients with very good results, In
succeeding years, miscellaneous reports confirmed this method as
a useful adjuvant,

In 1932, Herrmann designed and built an apparatus that would

automatically bring about the rhythmic slternation of the environ-

mental pressure upon an extremity from any desired amount of negative

pressure to any amount of positive pressurejthe change in pressure

was produced inside a glass "boot"., Herrmann coined the name “"Pavaex"

(pa-ssive va-scular ex-ercise) for the treatment. The following year,

Hermsnn and Reid reported a commercially available unit for suction
and pressure up to 100 m.m., Hg.. They advised a negative pressure
of 80 m.m. and a positive pressure of 20 tc 40 mym., two or more

cycles per minute, with a sudden, rapid transition between the types




of pressure. In 1935, Landis and Hitarot (89) reported their
experience with the Pavaex treatment and attempted to detail the
rationale, They pointed out that, according to Poiseuille's lLaw,
the amount of fluid flowing through a rigid tube depends upon the
fall in pressure along the tube., Thus, Pavaex was advised in cases
where the spastic element was absent or minimal; to provide this
condition, the uninvolved extremities were given heat. In this
series, B0 to 120 m.m. negative pressure for twenty-five seconds
and 60 to 80 m.m. positive pressure for {ive seconds, with a trans-
ition period of three ssconds; sesnce of two hours twice daily.
After further work, Herrmaenn and Reid (98) pointed out that the use
of the Pavaex "boot" was not without danger; it vss contra-indicated
when there are signs of acute inflammation, such as superficial
phlebitis or intense pain. Beneficial results during the healed
stage were relterated,

The Pavaex method, even so early in its history, is not with-
out critics. Wilson and Roome (I03) reported, in May, 1938, lack of
benefit in eight cases; they quote De Tskats, who, one and one-half
years previously, had reported unconvincing results in twenty cases.
Allen and Brown, of the Mayo Clinic, and Silbert, of the Mount Sinai
Clinie, reporfg%n almost identical words. The former (10),in 1935,
said "One thing appears quite certain: The alternate suction and
pressure treatment has not produced any results that have not been
observed repeatedly as a result of simpler methods....Our own opinion

is that good results follow in cases in which good results could be
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expected from other measures, and that when good results do not
follow other methods, passive vascular exercise is uSually value-
less." Silbert (110) in February, 1937, ghve: his tentative opinion
on the basis of fifty-iwo cases. "My impression is that when im-
provement takes place from this form of treatment (Pavaex) it could
have been obtained with simpler methods, and that when other methods
fail this method likewise fails."

In April, 1936, Conway attempted 1o modify the original
routine; he employed a gradual, rather than a sudden transition
between phases of pressure, He justified this modification on the
basgis of possible intimel. damage by sudden pressure change working
an already‘diseased vessels, His repoé%?7 owever, found no benefit
in four cases of thrombo-angiitis obliterans,

In February, 1957, Edwards (108) modified the original
apparatus by including inside the glass‘boot an electrical heating
unit; he believes this gives maximum vasodilatation that is obviously
desirable, especially during the treatment.

In December, 1236, Colléns and Eilensé%ggéported their latest
work on a new method that is called bﬁ some "the boot treatment with-
out the boot." Essentially, it is an inflatable cuff applied about
the thigh, n’ inflated and emptied at rhythmic intervals. The
rationale is that of a reactive wvenous hyperemls produced by inter-
mittent venous occlusion, and apparently based upon the work of Lewis
and Grant, who, in 18925, demonstrated that this phenomenon seesms to

give a six hundred percent increase in arterial flow, Colléms and
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Wilensky obtained excellent results in five cases of thrombo-
angiitis obliterasns, judged by the relisf of pain and rapid heal-
ing of ulecers, They employed pressure of 80 to 90 m.m. Hg. in
the absence of gangrene and 40 to 50 m.m, where such lesions were
present, Obviously, in a technic so very new, it is impogsible to
find reliable evaluation; this must wailt upon further experience.
(It should be mentioned that the suthors consider this technic as

entirely apart from the "suetion-pressure® variety of therapy).

7. Irradiation Therapy

It had been pointed out frequently that, in many cases of
thrombo-angiitis obliterans, there exists an appreciable degree of
vasospasm, and methods of therapy have been based upon the elimina-~
tion of sympathétic vasoconstriction. It had been reasoned that
paralysis of the involved sympathetics by the action of irradiation
may accomplish the desired result.

In 1885, Phillips and Tunié%?geported £ifty cases of thrombo-
angiitis obliterans treated by irradiation over the twelfth dorsal
to sacral region inclusive. ZExcellent results were obtained, aé
judged by (a) relief of pain, (b) disappearance of venous and lym-
phatic stasis, (¢) improvement of phlebitis, (d) rapid healing of
ulcers, (e) improvement in constitutional state.

Ross Golden took up the idea (quoted in 20 ) and submitted a
series of seven cases which substantiated the original result. Finkel-
stein (quoted in 20 ) reported similarly favorable experience and

stated that the amputation incidence on his service had been decreassed.
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Phillips reported eighteen cases, the vast majority of
which showed exzcellent results.

The following year, Beall and Jagoda (24), in Texas, ob-
tained an apparent cure through the use of irradiation. Four years
later, in 1930, the same authors reported (49) six cases completely
relieved of symptoms after irradiation of the sympathetic ganglia.

In 1935, Pfahler (1085 reported on the results of irradia-
tion therapy in thrombo-angiitis obliterans. He quoted French work-
ers, Delherm and Beau, who gave irradistion over the dorso-lumbar
and lumbo-sacral regions, while Desplats and Langeron gave irradia-
tion over the suprarenals. Good resulds were said to have been
obtained in both instances.

The literature is lacking in further report on this form of
therapy. W¥hile the instances can hardly be gainsaid in this work,
it is felt that further confirmation is cuite desirable,

(The question is put -— Why is irradiation given)

{over the sacral region, which supplies para-

(sympathetic innervation? This hardly seems %o
(fit into the rationale.

8. Vasodilator Substances

The use of typhoid vaccine, previously discussed, had been
stated to act on a probable basis of vasodilatation resultant from
the heat of a fever reasction. Comparatively recently, the use of
other vasecdilating substances had been attempted; substances that
seem to work by virtue of a2 more direct action upon the vascular

tree,

The first mention of this form of therapy in thrombo-angiitis

20,
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obliterans is seen in 1927 in the report of Nesselrode (25), who
noticed improvement with the use of bénzyl benzoate, .Samuels {41},
in 1929, summarized the use of vasodilating drugs, such as nitro-
glycerin and nitrates, as being of doubtful value..

Interest in the use of tissue extracts began in 1926 when
Frey and Kraut isolated, from urine, a substance which caused lower-
ing of the blood pressure upon intravenous administration. Later,
Frey found this same action obtainable from the use of fluid from a
pancreatic cyst. In 1928, Professor J.3. Schwartzmén, of Russia,
discoversd the therapeutic value of muscle extract in the treatmenﬁ
of angina pectoris; the principle was found to act by producing a
central and a local vasodilatation. This work was noted by HM.S.
Schwartzman, of England, who attempied its use in nine cases of
tﬁrombouangiitis obliterans; his repogizén 1931 submitted favorable
results.,

In 1935, Barker, Brown and Roth reported (91) on the use,
in thirty-five cases of intermittent claudication, of pancreatie

extract, myoston (J.S. Schwartzman's muscle extract), and adenosin

a1,

phosphoric acid and adenosin. In accounting for the favorable results

obtained, the authors stated their belief that the mechanism was not
one of vasodilatation, but the result of "some direct action upon

the contracting ischemic muscles," Six months later, M.S. Schwarts-

man presented (93) two additional cases of thrombo-angiitis obliterans

improved by treatment with myoston; he contradicted the former work—

ers by asserting the effect was upon & circulatory basis.
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In 19368, Rabinowitz (104) reported on his experience with
the use of sodium thiosulphate; this was in line with his work on
phosphalipin metabolism (discussed in "Etiology"). He found that
sodium thiosulphate "tends to palllate the deleterious effect of anox-
emia in that it exerts a catalytie-like effect by increasing the
oxygen absorption in the tissues, thereby aiding in the utilization
of available oxygen." He gave sodium iodide thiosulphate in fifty-
grain doses every other day for three weeks and twice weekly thereafter
for two months. All food rich in phospholipins were eliminsted from
the diet., Although good resulis were reported in the form of various
manifestations of improved circulation, it goes without saying that
more than one report is necessary for the scceptance of & new method
of therapeutic attack. |

Scupham (83), in 1934, did original work in attempting to
produce a therapeutic vasodilatation with the use of theobromine
sodium salicylate; he reported favorable results, Newell and Allen
(85), in the same year, attempted the use of the same agent. They
concluded that this substance will not prove of much value in the ther-
apy of thrombo-angiitis obliterans. They warned against its routine
use on the basis of the danger of harmful reactions.

At the present time, a substance known as spasmalgin is being
observed for therapeutic value. It contains papaverine, which is
known to have a vasodilating action. Reports on its value are not
yet at hand, and, although unofficial opinion gives it merit, serious
consideration is definitely an affair of the future.

In concluding the consideration of this form of therapy, it

o,
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is seen that, although the preponderance of recorded opinion
furnishes favorable comment, widespread acceptasnce must await

further and more conclusive experience.

95.
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B. SURGICAL THERAPY

1. gyteriovenous‘Apastogbsis

In 1909, in an attempt ‘o circumvent the result éf‘involve~
ment of the arterial tree of the lower extremity, Buerger (4)
suggested the production of an arteriovenous aneurysmi. His technic
described a surgical procedure for the anastomosis of the proximal
portion of the femoral artery with the femoral vein - in effeét,
isolation of the arteries of the limb distsl to a point at, or élight—
1y below, Poupart's ligament. ‘The indications advanced were:

(a) Fairly healthy condition of the femoral
artery and vein.

(b) Patency of the deep veins; patency of the
‘superficial veins - at least of the internal
saphenous and its tribubsries,

(¢} Absence of extensive loeal infection with
ascending chronic interstitial inflammatory
Process. :

(d) The suffering of the patient.

(e) The uselessness of the limb,

(f) The history of the loss of the other limb.

(g) Abzence of attacks of migrating phlebitis.,

(h) Evidence of arterial occlusion.

(i) Presence of signs that the limb cannot be
saved by other means.

In his review of the methods of therapy up to 1916, Meyer

(1) pointed out that arteriovenous anastomosis, although not =
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physiological arrangement (reversal of the direction of blood
flow), seemed to be valuable where conservaﬁive therapy did not
help., He admitted that the method was still to be proved in point
of ultimate value. The following year, Ginsburg ( 5) put himself
on record as believing that the technic was totally unacceptable;
he felt that the impaired circulation were better left alone than
manipulated in this fashion.

Jablons (18), in 1925, while speaking against this form of
therapy, pointed out the pertinent fact that, in thrombo-angiitis
obliterans, the veins are frequently involved —- a point which had
been apparently overlooked, With the possibility of the indicated
pathology in mind, the author pointed out that the method loses its
last vestige of justificatioﬁ. In the same year, Perla (19) un-
equivocally condemned the method, and, in 1927, was seen the last
mention of this therapy; Nesselrode (25} found absolutely no place
for it in any plan of treatment.

Ligation of the femoral vein, another relatively early
attempt at surgical therapy, was reviewed by Meyer (1 ). He found
some possibility of favorable result and stated that it was still
in its trial period (19168). Ginsburg ( 5), however, found as little
value in thisz method as he did in the case of arteriovenous anasto-
mosis. Perla (19) summed up the parting word for this ill-starred
therapeutic attempt, "Ligation of the femoral vein....mentioned only
to be condemned as dengerous and unphysiological,"

o
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In 1928, Horton and Pearse, Jgégieported on the technic
of popliteal ligation, a procedure first performed by Oppel. It
was pointed out by the authors that it ﬁad become established that
ligation of a large artery should be accompanied by ligation of
its companion vein on the basis of a resultant diminution of
gangrene and an increase in functional ability. It had been
further shown that indicated ligation resulted in {a) increase
in residual arterial pressure, (b}‘increase in venous pressure,

(¢) increase in minute volume flow from the end of the divided
artery, and (d) an increase in the peripherzl arterial circulatory
bed. From the foregoing, the authors reasoned that,if, after
arterial ligation, gangrene could be prevented by occlusion of the
vein, then it might be equally true that impending gangrene from
arterial disease could be avoided by vein ligation. Popliteal vein
ligation was performed in a series of six cases of thrombo-angiitis
obliterans and encouraging results were obtained in the form of (a)
increased temperature of skin and muscles, (b) rapid healing of
ulcers, (c¢) return of normsl color, (d) relief from pain.

In view of this promising report, it is perhaps strange
that the literature is devoid of further mention of this technic,
More serious considerstion must swait sdditional experience.

These comparatively early surgical atﬁempts at therapy,
although admittedly without practical worth, have been included for
possible historic value - in an attempt to provide a sense of

continuity for the ensuing discussion of more recent methods,
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2. Nerve Inijesction

Certain therapeutic methods involved the injection of
given nerves. In 1922, Silbert (12) advanced a procedure for the
relief of the constant, tormenting, burning pain due to nerve in-
volvement in late cases. Essentially, the method involved the
injection of a quantity of absolute alecchol into the exposed nerve,
Thée author pointed out that the possible applicability was limited
by the paralysis of important muscles in injecting given parts of
the nerve. Silbert reported definite relief from pain in three
cases. In 1925, Jabloms (16}, reviewing the therapy of that time,
reported that injection of the posterior tibial nerve with alcohol
had not borne out the initial expectations. The same year, Perla
(18), analysing his results in a series of forty-one cases,reported,
"Injection of 954 alcohol is abandoned by Silbert because the alco-
hol causes tissue necrosis," This report seems to have concluded
the history of this method.

In 1930, Stern (47) gave a preliminary report of a technic
for increasing the circulation by the injection with 95% alcohol of
the roots of the twelfth thoracic and first and second lumbar nerves.
His technic gave favorable results in the form of (a) increased sub-
jective warmth,(b) decreased local cyanosis, (¢) filling of collapsed
veins when the elevated limb is lowered to the horizontal, (d) no
serious paralyses or "any unbearable disturbance of the skin." No
further work was seen to corroborate this method. Stern was again

- heard from, In 1835, he (92) reported on the intra-spinal injection

of alcohol and advised that it be done early, before sclerosis pre-
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vents the vessels from responding to release from sympathetic
innervation. The literature's silence of two years forces the
obvious conclusion.
Smithwick and White (48, in 1930, acknowledging Silbert's
earlier work, presented a method involving the systematic blocking
of all the sensory nerves of the lower leg and footj this was claimed
to be an original modification. The authors pointed out that the
anatomical arrangement is very favorable in the leg, for the trunks
are widely separated, many are purely sensory, and the mixed nerves
"give off no important musculsr branches in the inferior two-thirds
of the lower leg." The nerves were exposed and injected éith 95%
alcohol (one to three c.c.): using great care to prevent getting the
alcohol into the adjacent tissues. Strict aspesis, of course, was
mandatory. The authors reported favorable results in each of eleven
patients:
(a) Relief of pain for a few months or permanently.
(b) Increased circulation in the foot, judged by
mse in skin temperature (as much as 5°) -
this was attributed to paralysis of sympathetic
fibers in the trested nerves.
(c) Relief of pain facilitated other therapeutic
procedures, such as Dakinization of ulcers,
removal of necrotic nails, etec.
Allen treated a series of twenty-nine patients sccording
to this method and reported his results in 1932 (68). Twelve

patients went on to major amputation; the remaining seventeen,

although most had some surgery (amputation of toes, ete.), were
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able to go on with serviceable lower extremities. Allen suggested
the value of this method on the basis of these results, but he was
not very loud in his approbation. Nothing further has been re-
ported since Allen's article, and if this method is to be taken
at all seriously, further work must warrant the recognition.
Following the general idea of peripheral nerve interruption,
it is noted that, in 1933, Silbert and Laskey (78) advanced a tech-
nic of cutting of the peripheral nerves, after exposing them at
éiven sites in their course down the leg. This work was advanced

for the relief of pain; a positive result was obtained in esach of

‘gighteen cases, Other features reported as parts of a favorable

result were:

(a) Hastening of healing of ulcers: This was considered
as possibly obtained by one or both of the mechanisms:

(1) Release of vasoconstriction due to the
loss of sympathetic innervation carried
in the treated nerves.

(2) Local treatment of the ulcers, such as
Dakinization, possibly by virtue of
relief from pain.

(b) The operative wound healed easily by primary intention.

(e¢) No trophiec ulcers resulted from the nerve section.

In spite 6f this.very favorable report, the technic was not notice-
ably attempted by other workers. General acceptance awaits further

reporis,
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5. Sympathectomy

Considerable work has been done in various efforts to
treat thrombo-angiitis obliterans by surgery directed at the sympa-
thetic nervous system., The basic rationale is an attempt to pro-
vide the maximum possible vascularity by eliminating the element
of spasm working upon the vessels in the involved part - not orly
the involved vessels, but also {and perhaps chiefly) in those
comprising the collateral circulation.

Perivascular sympathectomy (stripping of the nerves
remifying about the bload vessels) was reportedly advanced by
Leriche; statement will be made to justify the necessity for quali-
fying this assertion. &ilbert was apparently the first to assert
the lack of value of this method. He pointed out in 1922 (12) that,
in view of the work of Potts, who showed (Potts: Anat. inz., 47:138,
1914) that the sympathetic supply of the large vessels of the lower
extremities comes off at various levels along their course from the
adjacent nerves, and not through a continuous perivascular s&mpa—
thetic system, it may be reaconably doubted whether this procedure
can be expected to be of wvalue,

Further reports on this technic corroborated Silbert's
doubt. Nesselrode, in 1927, (25) affirmed the lack of confidence
in the procedure on the basis of an unsatisfactory result in one

(quoted in)
case. Erown and Rowntwmee(32) reported negative results in the

application to seventeen cases. They did not find sufficient Justi-
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cation to warrsnt continuation of its use., In 1822, Samuels,
reviewing the therapeutic methods to date, found no merit in the
technic., In a later report (52), Samuels not only reaffirmed his
former stand, but also pointed out the startling news that Leriche
himself had warned agasinst the éﬁgiggt§§g§§%hectomy in thrombo-
angiitis.obliterans. SEince that time, this method had been no
longer heard from,

A possibly more durable line of investigation ig seen in
the form of sympsthectomy in greater proximity to the spinal cord.
Nesselrode, in 1927, gave voice to the suggestion of Kanavel that
post-peritoneal ganglionectomy (sympathetic) may be of therapeutic
value. In the same year, Brown and Henderson reported (27) a series
of eleven cases treated by lumbar ganglionectomy (by Adson). A
satisfactory result was obbained in nine cases. It was pointed out
that the success of this method rested upon the careful selecticn
of caseg; it must be shown that appreciable vasodilatation can
occur in the collaterzl vessels., The authors were not over-sanguine;
they warned that the exact status of the technic was to be proved
after long periocds of post-operative observation.

In 1928, Allen and Brown reported on the reﬁulis in two
hundred cases (32), They fopnd that lumbar ganglionectomy and rami-
section produced definite and persistent vasodilatation of the
vessels of the feel when vasodilataticn is obtainable. The rationale

of the therapy was based upon two observations:




(a) The frequency with which vasoconstriction
intermittent disturbances had been observed,

(b} The quantitative evidence of vasodilétatian

that occurs in the disesged extremity with

increased environmental and body temperatures.
Cases were then classified as to whether or not vasometor spasm
existed in the collateral vessels; operation was advised in those
cases that showed evidence of vasospasm. Actuslly, the cases
suitable for sympathectomy were determined by the use of typhoid
vaccine injecticns., It had been pointed out in the section on medi-
cal therapy that the injection of typhoid vaccine causes a vasgo-
dilatation on the ‘bagis of the fever resultant from foreign protein
response. A vasometor index was arrived at in the following manner:
Following an injection of typhoid vaccine, the temperatures, oral
and skin (leg), were noted at intervals of fifteen minutes during
the period of chills and fever., When the skin temperature rose to
2 higher point ﬁhan the oral temperature, vasodilatation of the
collateral vessels was considered present. The vasomotor index is
obtained by substituting the obtained values in the equation:

Increase in surface temperature - increase in orul tempersture
Increase in oral temperature

EQUALS Vasomotor Index.

This indicated the amount of vasodilatation to a givenrise in body
temperature. Indices in excess of 1.5 were considered favorable for

operation. The authors closed on a tentative note, pointing out
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that the study was still under investigation, and thet the data
was, at best, only approximate.

Samuels (52) in 1929, did not share even the tentative
enthusiasm. He considered sympathectomy of doubtful and temporary
value. However, Robertson (59), in 1932, tended to support the
Mayoworkers; he reported that, insofar as vasospasm existed,
sympathectomy was helpful. He obtained favorable resulis with
 its use.

In 1933, Telford and Stopford (89) reported their results
in sixteen cases. After having determinsd the potential vaso-
dilatation by the employment of spinal anesthesia, marked improve-
ment was obtained in nine cases, and moderate benefit in four cases.
The authors permitted themselves to go on record as believing that
the operation "will prove of value, especially when it is realized
that it has the best chance of success in early cases."

Later the same year, Craig, Horton and Sheard (78 reported
having found that general anesthesia constituted a satisfactory
nethod for investigating thermsl changes in peripheral vascular
disease, The vessels of patients who were refractory, or who reacted
poorly to other vasodilating agents, were found to undergo maximal
dilatation when general anesthesia was administered. The vasodilata-
tion obtained in general anesthesia was found o indicate the maximum
response and represented the idezl to be sought in subsequent sympa-—

thectomy .
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In one case the following year, Stewart (82), of England,
"saved" the upper limbs from gangrene by ganglionectomy., He
maintained that the posterior approach was better, since a more
complete removal was possible than by the anterior approach,

In 1934, the Mayo workers of (32) reversed their stand in
(87). They found that fever produced effective vasodilation, while
general anesthesia failed in two instances, These workers slso
modified the technic advanced by Allen and Brown in 1928 (32); this
referred to the work done in arriving at the principle of the vaso-
motor index. Following the work indicated, tﬁe rise in surface
temperature (vasomotor range) had been studied, and an increase of
at least four degrees had been considersd as an index for operation.
This gave way to a technic in which the maximum surface temperature
of the’digit most affected was taken ag a basis of prediction —- a
maximum surface temperature of twen@y-nine degrees or higher with
fever was regarded as necessary for operation. This work represents
the last report of possible significance in the subject of sympa-
thectomy in the therapy of thrombo-angiitis obliterans. The authors!
concluding statement is an example of a desirable lack of over-state-
ment:

"It must be kept in mind that thrombo-angiitis

obliterans is a relapsing disease. There is no

conclusive proof that ganglionectomy prevents

recurrence of thrombosis. We believe it decreases

the incidence of recurrences, bubt we have seen

several patients in vwhom recurrences of arterial

thrombosis have taken place months after operation.

The protective nature of the operation against loss
of 1imbs was demonstrated in these cases."
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In terminating the discussion of this mode of therapeutic
attack, a modicum of evaluation seems desirable, It cannot be
denied that this type of sympathectomy has shown therapeutic value
in certain cases, particularly those in which a considerable vaso-
spagtic element can be demonstrated., In regard to comparative
therapeutic ﬁorth, it is appropriate to refer to Silbert's experience
of ten years with the use of intravenous hypertonic saline. Silbert
(1) pointed out (referred to elsewhere) that while the incidence
of amputations under the use of sympathectomy was over twenty-one
per cent, with the use of intravenous therapy, the figure was between
seven and eight per cent. The significance of these figures forces

an obvious conclusion in regard to the matier of present status,

4, Amputstion

Onebof the most regrettable developments in the course of
the disease is the necessity for amputation of one or more of the
extremities. GQuite reasonably, investigative work had been per-
formed with the view of prevention of the distressing result, which
has been spoken of in previous sections., However, in instances
where amputation becomes necessary, certain considerations must be
evaluated - such as, amputation criteria, the site of surgery, et
cetera. A review of the work performed is now presented,

In 1925, Meleney and Miller (17), working in Chins, postu~-
lated that the presence or absence of popliteal pgfsgggﬁgaashggigggion;

popliteal pulse was absent, amputation advised above the knee; when

present, amputate below. They felt that, generally, in those cases




106.

where there was "general or local evidence that the collateral
circulstion can keep pace with or out-run the obliterating process,
and the gangrenous area is small, the treatment should be conserva-
tive operation. In other cases, the treatment should be radical
operation.”

Much of the ensuing work was directed at the possibility
of keeping the site of amputation below the knee; the importance
of this measure, particularly from an economic point of view, can
well be seen.

In 13928, Allen and Meyerding (34) reported two indications
for amputation: (a) Organic closure of main vessels, (b) Inbract-
able (contimiocus) pain. These workers refuted the postulated
desirability of amputation above the knee; their results showed
that amputation below the knee was successful in eighty per cent
of cases, pfovided that adjuvant measures were employed pre- and
post—operatively.

In 1928, Allen and Brown (32) contributed from their study
of two hundred caseg:

"The choice of the area for amputation depends

upon the condition of the vascular supply of

the extremities. Fingers can usually be success-

fully amputated regardless of the amount of obliter-

ation in radical or ulnar arteries. Toes can be

successfully amputated in only a small group in

which the arteries are pulsating normally and the

skin proximal to the toes is not discolored or

edematous. The study of a large group shows that

incision of toses or removal of toe nails is never

successful and always necessitates higher amputa-
tionsg. Amputation below the knes is successful
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in eighty per cent of cases of thrombo-angiitis

obliterans, regardless of the condition of the

popliteal artery providing the gangrene does not

involve the leg and extensive lymphangitis or

edema ig not present.”

This is at variance with the opinion of other workers who
maintain that amputation should always be carried out above the
knee, The good result in this series may be due to the pre- and
post-operative medical care, consisting of the almost continuous
application of heat from carbon filament lamps and intravenous
injection of small amounts of foreign protein. Amputation above
the knee should be reserved for cases in which amputation below
the knee has been unsuccessful and in those in which the patient
is unwilling or in/pcor physical condition to take the rigk of a
second operation, 1f amputation at a lower amputation has been
unsuecessful,

In 1930, Burke and Meyerding (45) shifted attention to the
femorwl artery from the previously mentioned popliteal artery. They
expressed the opinion that if good pulsation can be felt in the
femorol artery 4 cm. or more below the inguinal ligament, the leg
can probably be amputated successfully below the lmee in a high
percentage of cases, even though the popliteal artery is not palpable.
They reiterated the value of pre— and post-cperative adjuvant therapy.

The following year, Samuels (52) made a strong plea for
considerably less frequency of amputation. He stressed the fact
that thrombo-angiitis obliterans is often erroneously regarded as

progressive and incurable, He cuilined a clinical concept of gangrene,
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steting that far from every case of thrombc-angiitié obliterans
ternminates in this form of tissue death. He pointed out that the
development of 2 collatersl circulation goes on hand in band with

the pathologlcal process, so that extensive occlusion may exist

- without the necessary occurrence of gangrene. "As long as the

balance between obliteration and development of collateral circu-
lation is mainteined, gangrene will not set in. However, gangrene
will come on when the balance is thrown off as (a) sudden occlusion
of a large artery, (b) use of tobacco, which cuts down the extent
of the collateral circulation by its vasoconstrictér action.®
samuelsrwent on to request that "the surgeon muet have courage to
wailt for demsrcation of the gangrene..... There have been meny un-
necessary amputations performed because of the uncontrollable
intensity of the pain or beéause of a mistaken fear that the

gangrenous process will spread indefinitely and result in the ab-
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sorption of harmful toxins." This stztement was based on the belief

that the pathological process of occlusive arterizl disease tended
to be one of self-limitation and that self-smputation, following
the appearsnce of a "line of demarcation", occurs, with an appreci-
able degree of economy. This interesting presentation appeaied for
the limitation of indications for amputation to:

"(a) Only when the gangrene involves the entire
foot, including the heel.

"(b) Pain, per se, is pot an indication.”

In 1933, MoNealy and Shapiro (84) reviewed the criteria for
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determination of the site of zmputation:

(a) Level of abrupt temperature change: Limbs
are exposed to the air for fifteen minutes,
then covered with bed clothing for s similar
pericd, There is a normel gradual acralward
decrease in skin temperature; abrupt temper-
ature change at any level indicates vascular
occlusion without satisfactory collateral
circulation,

(b} Oscillometric readings: Not good, except in
acute vascular occlusion (Instrument cannot
measure the "seeping" non-pulsatile flow}..

(c) Salt absorption test (McClure-Aldrich intra-
cutanecus salt absorption test): 0.2 c.c. of
0.85% NaCl injected zt four inch intervals
dowvn the limb. Normslly, the wheal remains
for sixty minutes; in circulatory deficiency,
the abgorption~-time is markedly reduced.

Cannot be used in the presence of inflammatory,
static, or nephritic edema.

(d) Histamine "flare" test: Depends upon the univer-
sal anaphylactoid vasodilatory response, where-
ever thers are caplillaries to dilate. 0.1 c.c.
of 1:1.000 histemine (in novocaine, to prevent
pain) injected intrscuteneously at intervals -
down the limb. Response: At first @ cysnotic flush,
then, a hyperemic: flare, and finally, =2 wheal.
imputation iz done above the level at which the
wheal does not appear.

(Both of the two preceding tests are open to the criticism)
(that they give an index to the skin circulation, but not )
(necessarily to that of the muscles and bones beneath. )

{e) Radiology: To determine the condition of osseous
structure radio-opaque substances, the use of
which had been introduced by Nesselrode (25), are
believed too hercic for general use; thelr effect
upon already damaged vessels 1s not beyond suspicion.

In ninety to ninety-five per cent of cases, simple clinical tests -
palpation and oscillometer - were believed sufficient to determine

the levsl of cessation of pulsatile collateral flow, Differentiation

PN




1iC.

of vasospasm from organic occlusion by: (a) General fever, (b)
typhoid vaccine, (¢) spinal and genersl snesthesis, (d) peripheral
nerve block, (e) diathermy. Peripheral ncrve block is reported as
most widely used.

In 1935, Silbert (L) reported, on the basis of ten years!
experience with five hundred and twenty-four cases:

(a) 3.5% of cases inevitably go to zmputationm,
in spite of any treatment. '

(b) Massive gengrene or spreading infection comprise
the only reasonable indications for amputation,

(¢)To obtzin relief from pain is po indication
for amputation; peripheral nerve section will
give the desired result.

(d) Amputation site below the knee, if at all
possible —-- this, in view of abilily to use
an artificial limb without a cane, is of
great economic importance.

Summarizing the status of amputation to date, certsin
facts appear to be true:

(a) The incidence of amputation in thrombo-
angiitis obliterans has been reduced, appar-
ently by the use of therapeutic measures, by
a considerable margin (see the work of various
Mayo Clinic workers and that of Silbert, cited
above)}; some czses inevitably require amputation.

(b) The optimal smputation site is the most distal
point possible. ‘

(c) The amputation site msy usually be determined
by means of palpation of susceptible vessels.

{d) The pre- and post-operative employment of
adjuvant measures appsrently =2id in minimizing
the extent of amputation.

(e) Pain is not necessarily an indication for
ampubation.

P
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5. Adrenslectomy

Adrenalectony, a mode of therapy advocated practically

solely by French workers, has found little of wide acceptence.

This method was first employed by Von Oppel in 1821, In 18R7,

Stulz and Stricker (29) prssenteé‘a series of eight cases. They
csncluded,‘rather equivoeally, that their results were sufficiently
encouraging to warrant further trial of the method. They admitted
that the rationale was not zgreed upon. They postulated two possible
mechanisms: (a) Changed composition of the blood, (b) release of
sympathetic vasospasm dependent upon the role of the adrenal in the
autonomic balance,

The following yesr, Herzberg (quoted in 32 ) analyzed the
results of one hundred and ten cuses in which adrenalectomy hsad
been performed. Inasmuch zs thirty-two amputaticns were necessary
in the {ifty-four cases that had been followed for six months to
two years, the report gave scant approbation.

The téchnic was evalusted in Samusls' review (52) in 1829.
Thiz investigator criticiszed the method on the basis that the remain-
ing adrenal soon mekes up for the loss of the opposite gland by
secreting a greater quantity of adrenalin. Samuels attempted the
use of insulin, advised by the French workers, on the basis that
the action of this substance is antagonistic to that of adrenalin.
A negative result was reported.

Leriche and Stricker (62) attempted, in 1932, to revive
interest in the little accepted method. Their contributicn offered

favorable results in five cases out of twelve,

ili.
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Generally, adrenalectomy is considered tc have a poor

future. At best, it has an up-hill struggle.

8. Loecal Trestment of Ulcers

A few remarks seem perbinent in the matier of the manage-
ment of painful ulcers. Buerger (15) advised the use of anesthetic
ointments, in addition to ithe general messures advocated in his
work (postural exercises, heat, etc.). Samuels (52) also used
anesthetic ointments, after first bathing with chloramine., Silbert,
however, pointed out (1(1) that the use of anesthetic ointments
proved deleteriocus; the ulcerated aress became enlarged and hesling
was Cdelayed, probably due to induced local ischemia., Consequently,
Silbert abandoned these ointments and began to use "desitin" oint-
ment (cod liver oil and Dakin's solution in s bland base): after
cleansing with ether; rapid healing was noticed. This worker felt
that peripheral nerve secticn {discussed above) would take care of
the pain in a sstisfactory manner. Rest of the part in a horizontal

or slightly elevated position was quite generslly agreed upon.

SUMMARY

Varicus attempts have been made in the general effort to
advance acceptable treatment for thrombo-angiitis obliterans; these
have been discussed and a modicum of evaluation pressnted. It is
appropriate, in summarizing, to draw certain conclusions that seem

acceptable:
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Prophylactic measures, such as outlined by
Buerger, are, at least therotically, wise
and reasonsble,

The interdiction of tobacco has been proven
a necessary snd important measure.

The use of intravenous injections of hyper-
tonic saline can herdly be gainsaid; it has
given more favorable results than any other
method,

Sympathectomy (ganglionectomy and ramisection)
has glven reasonably good results, but remains
a major, more or less formidable procedure,
not to be performed unless conservative
measures fail and in carefully selected cases
(demonstrate appreciable vasospastic element).

Pagsive vascular exercise therapy must demon-
strate a not as yet proved superiority over
simpler measures,

Adjuvant measures, such as the various types
of heat and postural exercises, are acceptable
in supplementing other methods.

Measures such as - irradiaticn (over sympathetic
ganglia), vasodilating substances, adrenslectony,
popliteal vein ligation, intermittent venous
hyperemia, interruption of peripheral nerves
(section and alcohol injection) - have not, as
yet, successfully demonstrated sufficient worth
to insure widespread acceptance.

Certain methods, such as - arteriovenous anasto-
mosis, femoral vein ligstion, perivascular
gympathectomy, and injection of typhold vaccine -
have fallen by the wayside when they failed to
bear cut the prorise of inltial enthusiasm.

The use of anesthetic ointments seems ill-
adviged and may be supplsanted by the use of
other local agents. :

fmputation, inevitable, at present, in et least
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3.5% of cases, should be performed below the
knee unless adequate indication prohibits this
site.

The evaluation of therapeutic measures must
take into consideration that thrombo-angiitis
obliterans is a chronic diseszse, subject to
spontaneous remissions and relapses,

114,
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Thrombo-angiitis obliterans is = comparatively rare
cause of death (See Pathology) and when it does result in exitus,
its presence has been long indicated by involvement of the extremi-
ties. The main consideration in prognosis is in regard to gangrene;
whether the case will require amputation. Previously, the prognosis
was regarded as very unfavorable; that most cases eventually lose
one or more limbs. Of late, thanks to a better understanding of
the phenomenon of gangrene, this point of view is happily under-
going revision. If cases can be observed ancd treated before the
circulation has become seriously compromised -—— as judged by trophic
lesions, color changes, palpation, thermometry, osciilometry, etc. -
the chances of saving the limb are good. Even in many cases that
show more than a moderate degree of involvement, the prognosis is
good.,

Silbert emphasizes that the disease is not necessarily pro-
gressive; if noxious factors are removed and efforts are directed
toward the improvement of the collateral circulation, the disease
is apparently halted and changes indicative of the normsl may re-
appear (such as, return of absent pulsations, increased readings by
thermometry and oscillometry, etc.). His incidence of amputations

(referred to above) is sufficiently encouraging,
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CONCLUSION

It seems appropriate, at this point, to refer to the
introductory remarks prefacing the main body of this work. An
attempt has been made to present & comprehensive summary of the
present status of the Study of thrombo-sngiitis obliterans and
the past work, which by scientific investigation, has completed
the road leading up to the modern concept. It is hoped that
the given review has satisfactorily led to a point whene it can

be said, "Let us start from here.®
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BIBLIOGRAPHIC NOTE

In the appended section on bibliography, an attempt
is made to include a collection of references, which, while not
comprising all the literature on the subject, furnishes a Tepre-
sentation of the work done in the various phases of the field.
For the convenience of the reader, the bibliography is
divided under headings comprising the main sections of the
thesis. References are numbered according to their place in the

given bibliographic section,
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